per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
InteraBtionat Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) Internationa] Patent Oassification ^ ; 

A61B 17/02, 19/00, 1/32 
A61M 25/01 



A2 



(11) International Publication Nnmber: WO 92/21292 

(43) Inteniational Publication Date: 10 December 1992 (10.12i)2) 



01) Inteniational Application Number: PCT/US92/04393 
(22) Inteniational Rliiig Date: 26 May 1992 (26.05.92) 



(30) Priority data: 
706,781 
794,590 
877,995 



29 May 1991 (29.05.91) US 
19 November 1991 (19.11.91) US 
4 May 1992(04.05.92) US 



(71) Applicant: ORIGIN MEDSYSTEMS, INC. [US/USJ; 

1021 Howard Avenue, San Carlos, CA 94070 (US). 

(72) Inventors: MOLL, Frederic, H. ; 3941 Washington, San 

Frandsoo. CA 941 18 (US). CHIN. Albert, K. ; 2021 Ne- 
well Road, Palo Alto, CA 94303 (US). 

(74) Agents: HARDCASTLE, Ian et aL; Umbach & Limbadi, 
2001 Feny Building, San Frandsco, CA 94111 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CA, CH (European patent), DE (Euro- 
pean patent), DK (European patent), ES (European pa- 
tent), FR (European patent), GB (European patent), GR 
(European patent), IT (European patent), JP, LU (Euro- 
pean patent), MC (European patent), NL (European pa 
tent), SE (European patent). 



Published 

Without international seardi report and to be republished 
upon receipt of that rqfort 



(54) Tide: RETRACTION APPARATUS AND METHODS FOR ENDOSCOPIC SURGERY 

(57) Abstract 

A first inflatable retraction device has a 
First inflatable chamber (5) and a non-pressur- 
ized diamber (13) Inside the main chamber. 
The non-pressurized diamber is expanded by 
inflating a second inflatable diamber (25). 
The non-pressurized chamber enables the 
main chamber to remain inflated when an ap- 
erture is cut in the envelope of the main cham- 
ber, through which treatment is carried out A 
second inflatable retraction device has an in- 
flatable retractor (103) and a maintainer (107). 
The inflatable retractor retracts the organ and 
the maintainer maintains the organ in its re- 
tracted condition after the inflatable retractor 
is deflated. The maintainer can be inflatable, 
and can be inside or outside the inflatable re- 
tractor. A self-retracting endoscope (201) has 
an optical assembly with an expandable re- 
tractor (21 1) fltted to its distal end. The distal 
end of the endoscope is inserted into the body 
with the retractor in a collapsed conditioiL The 
retractor is then expanded to retract organs 
that would otherwise obstruct the view from the distal end of the optical assembly. After observations are complete, the retractor 
is returned to its collapsed condition. An insertion tube (243) enables cylindrical objects, such as packaged inflatable retraction 
devices, to be pulled, instead of pushed, into the body, llie additional chamber of an inflatable retraction device having two in- 
flatable chambers is fllled with a slurry of a particulate solid in a liquid. The liquid is removed and the additional diamber evacu- 
ated to consolidate the particulate solid. This increases the retracting strength of the additional diamber. 
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INTERN ATIONAL APPUCATION UNDER TEIE 
PATENT COOPERATION TREATY 

APPUCATION FOR PATENT 



Inventors: Frederic R Moll, and 
Albert K. Chin 

Field of the Invention 
The invention relates to devices for use in lq)arosoqpic soigeiy, in particular, 
to devices that provide retraction of an organ to gain access to treat or observe 
a tissue. 

5 Background of the Invention 

La^^aroscppy dates back to the turn of the 20th Century. Early l^aroscopic 
techniques were used primarily for diagnostic purposes to view the internal organs, 
without the necessi^ of conventional surgeiy. Since the 193Qs, laparoscopy has 
been used for sterilization and, more recently, for suturing hernias. U.S. Patents 
10 4,919,152 and 4,944,443 are concerned with techniques for suturing hernias. 
Anofter recent innovation is the use of laparoscopic surgeiy for removing the 
gallbladder. 

United States Patent Application Serial No. 706,781, the application of which 
this £^plication is a Continuation-in-Part, describes an apparatus and method 

IS wherein the abdominal wall is lifted away from the underlying abdominal organs 
by an inflatable device which is introduced laparoscopically and, once in place, 
inflated to engage and lift an extensive area of the abdominal wall. 

Even when such lifting techniques are used, it is still necessary to retract other 
organs to gain access to the organ or tissue to be treated or observed. In other 

20 procedures, to gain access to the organ or tissue to be treated or observed, the 
organ to be treated must be separated from tissue surrounding it To obtain the 
necessary retraction, current laparoscopic procediu-es use several small metal or 
plastic retractors inserted though a plurality of incisions. Because such retractors 
have a relative^ small surface area, they tend to damage and/or cause trauma 
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to the retracted oigam or tissue. Moreover^ the requirement for a plurality of 
incisions to heal may delay the patient's recovery. 

United States Patent Application Serial No. 794^90 (the "prior ^Kcation"), 
of \^ch this application is also a Contuuiation-in-F^ describes a number of 
5 retraction devices that are introduced into the bo<^ in a collapsed condition and, 
once in place, are ^qianded hy inflating a main inflatable diambtf, to retract 
organs or tissues and to provide access to the organ or tissue being treated. The 
retraction devices desoibed in the application provide a relatively large surface 
area to the organ or tissue being retracted so that retraction can take place with 
10 a minunai risk of damage to the retracted organ or tissue. These relativefy large 
retraction devices indude auxiliaiy means for maintaiTiing thdr shape after 
inflation, such as an additional second mflatable chamber having a cage-like 
structure, or a spring cage arrangement These auxiliary means enable retraction 
to be maintained after the main inflatable chamber has been deflated by cutting 
15 apertures in it to ^dn access through die retraction device to treat the organ or 
tissue being treated. 

The retraction devices described in the prior application provide a significant 
improvement in providing access to the organ or tissue being treated during 
laparoscopic surgery. Nevertiieless, such devices have problems. When an 
20 inflatable retraction device with an auxiliary cage stracture providing a retraction 
effect equivalent to that of the main chamber is in its collapsed state, its emrelope 
has a gignifirant bulk. Ihe bulk of a retraction device in its collapsed state will 
be called the "collapsed bulk" of the retraction device. An inflatable retraction 
device that has a large collapsed bulk is difficult to package in its collapsed state 
25 so that it can be inserted into the body through a narrow trocar tube (14 mm or 
less in diameter). Even when the package can be made small enough, it can be 
a tight fit in the trocar tube, and pushing such tight-fitting packages through the 
trocar tube is difficult The package tends to buckle when pushed, and 
consequentiy jams in the tube. Less bulky retraction devices are therefore 
30 deshable. 

. Jt is also desirable to have a self-retracting endoscope to smq>lify endoscopic 
observation procedures. 



wo 92/21292 PCr/US92/04393 

3 

Summaiy of the Invention 

In the following description, tbe word "organ" will be used to mean an oigan 
or a tissue that is retracted by a retraction device. The word "treat" will be used 
to mean both treat and observe, and the word "treatment" will be used to mean 
5 both treatment and observation. The word "tissue" or the phrase "tissue to be 
treated" vnH both be used to mean the organ or the tissue that is treated through 
or inside a retraction device. 

An inflatable retraction device according to the first aspect of the invention 
has a first inflatable chamber that retracts the organ when the first inflatable 
10 chamber is inflated to an i^anded condition. The first inflatable chamber has 
a first envelope. The inflatable retraction device also inchides a device that 
inflates the first inflatable chamber into an e3q)anded condition while in place in 
the body. Inside the main inflatable chamber is a non-pressurized chamber that 
has a second envelope attached to part of the first envelope. The inflatable 
IS retraction device also has a second inflatable chamber attached to the non- 
pressurized chamber that e>^ands the non-pressurized chamber into an &q)anded 
condition when the second inflatable chamber is inflated Finally, the inflatable 
retraction device includes a device that inflates the second inflatable chamber. 
The first inflatable chamber is inflated to retract the organ, and then remains 
20 inflated, and continues to provide retraction, throughout the treatment procedture. 
Hie tissue is treated through an s^erture in the part of the first envelope 
covered by the non-pressurized chamber. Instruments are passed from outside the 
body through a gas-tight port into the first inflatable chamber. From the first 
inflatable chamber, the instruments pass into the non-pressurized chamber through 
25 a port that seals around each instrument, and is self-sealing when the instrument 
is withdrawn. This maintains the first inflatable chamber in its inflated state. 
Alternative^, all or part of the envelope of the non-pressurized chamber can be 
made of an elastomeric material that seals around an instrument passed through 
it, and is self-sealing when the instrument is withdrawn. As a third alternative, 
30 instruments can be passed from outside the body through a duct connecting to the 
nourpressurized chamber. 

The collapsed bulk of an inflatable retraction device according to the first 
aspect of the invention is less than that of an equivalently-sized inflatable 
retraction device of the types described in the prior application. This is because 
35 the vohune the envelopes of the non-pressurized chamber and the second 
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inflatable chamber is less than flie vohime of the envelope of the additional 
diamber <rf the types of inflatable retraction dewce previously described. 

In a first method according to the invention of usn^g an inflatable retraction 
device according to the first aspect of the invention to retract an organ inside the 
5 bo<fy to gain access to an adjacent tissue, tiie inflatable retraction device is placed 

in a collapsed state adjacent to the tissue. The first inflatable diamber is inflated 
into an ejqwnded condition to retract tiie organ, and the second inflatable 
diamber is inflated to expand tiie non-pressurized diamber into an expanded 
condition. 

10 In a second metiiod according to tiie invention of using an inflatable retraction 
device according to the first aspect of flie invention to retract an organ inside the 
body to gain access to an acgacent tissue, tiie inflatable retraction device in a 
collapsed condition is secured to an endoscope adjacratt to tiie distal end of the 
endoscope. The distal end of tiie endoscope, togetiier vwtii tiie inflatable 

15 retraction device is inserted into tiie body and moved towards the tissue. Hie 
second inflatable diamber of the inflatable retraction device is at least partially 
mflated to ejqpand tiie non-pressurized diamber into an ejqianded condition. This 
also cjqiands the first inflatabte chamber into a partially-eqianded condition. The 

oidosoqpe is manipulated whfle observing tiirou|?i tiie endoscope to place tiie at 
20 least partially eqianded non-pressurized diamber adjacent to -tiie tissue. Finally, 
the first inflatable diamber is inflated into a fiilty-egianded condition to retract 
tiie organ. The second metiiod enables tiie part of the envelope of tiie first 
inflatable diamber covered by the non-pressurized chamber to be placed 
accurate^ relative to the organ to be treated. 
25 An inflatable retraction device according to a second aspect of tiie invention 
has a main chamber that has an envelope (rf an dastomeric material The main 
diamber is inflated whfle in place within the body to retract the organ into a 
retracted condition. The inflatable retraction d^ce also indudes a maintainer 
that tnaintains tiio OTgan in its retracted condition after die main diambo- is 
30 deflated. Using an dastomeric ma^ial for tiie oivelope of tiie main inflatable 
diamber enables tiie collqised bulk of the main ctamhex, and hmce the collqised 
bulk of tiie inflatable retraction device as a whde, to be reduced compared with 
an inflatable retraction device haifing the same inflated size made from a 
substantial^ indastic material. 
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In .a first variation on the inflatable retraction device according to the second 
aspect of the invention, the maintainer is an additional inflatable chamber that 
has a cage-like structure and is independent of the main inflatable chamber. The 
main inflatable chamber is removed once the additional inflatable chamber is 
5 inflated and the tissue is trieated using instruments passed through the maintainer. 
The additional inflatable chamber is preferably deployed on the outside of the 
main inflatable diamber, but can be deployed inside the main inflatable chamber. 

In a second variation, the maintainer is a cage-like structure of a malleable 
metal or plastic deployed on the outside of the main inflatable chamber. The 

10 cage-like structure is ^anded into an e3q>anded condition by inflating the main 
inflatable chamber. Once the cage is in its expmdtd condition, the main 
inflatable chamber can be deflated and removed, and the cage maintains the 
oigan in its retracted condition. 

In a method aoooiding to the invention of using an inflatable retraction device 

IS according to the second aspect of the invention, the maintainer and the main 
inflatable chamber are assembled together and packaged in a collapsed state. 
The maintainer and main inflatable chamber assembly is inserted into the body 
and placed adjacent to the organ. The main inflatable diamber is inflated to 
retract the organ into a retracted condition. The maintainer is apmded to 

20 maintain the organ in its retracted condition and the main inflatable chamber is 
deflated. 

The collsQ)sed bulk of the inflatable retraction devices described in the present 
application and in the prior application can be reduced by making the additional 
inflatable chamber smaller. If the additional inflatable chamber is to provide a 

25 given retracting force, it can only be made smaller if its strength is increased In 
a method according to the third aspect of the invention, the strength of the 
additional inflatable chamber is increased by filling it with a solid instead of a 
fluid. In the method according to the third aspect of the invention, the main 
chamber of an inflatable retraction device is inflated. Hie additional inflatable 

30 chamber of the inflatable retraction device is then filled with a sluny conqirising 
a particulate solid in a liquid. After the additional inflatable chamber has been 
filled with the sluny, the liquid component of the sluny -is removed from the 
additional inflatable chamber, leaving the particulate solid behind. Finally, the 
particulate solid is compacted to form a rigid stracture in the additional inflatable 

35 diamber. In the prefened embodunent, the particulate solid is contacted by 
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evacuating the additional inflatable cham^ Altanative wagfs of conqiacting flie 
particulate solid indude heating and oooUng tiie solid. 

A sdf-ietracting endoscope according to the ftnath aspect of tiie invention 
enables endoscopic observations to be carried out inside the body witiiout the 
5 need for a separate retraction device. Acoarding to the fourtii aspect, of the 
invention, a sdf-rettacting endoscope for observing a tissue inside tiie body 
indndes an optical device for observing the tissue. The optical device has a 
substantially qrlindrical structure, and a distal end that is inserted into tiie body 
throu^ an uidsion. The self-retracting endoscope also uidudes a retractor that 

10 is e^andable to retract <»gans adjacoit to tiie tissue tiiat would otiiovdse 
obstruct tiie view of the tissue. The retractor is attached to the optical device 
adjacent to the distal end of the optical device and is in a coD^ed state wbea 
the distal end of the optical device is inserted into the body. The retractor is 
CTtpm^^fd once tiie distal end of the optical device is inside tiie body, adjacent to 

15 tiie tissue to be obsoved. In flie preferred enibodinient, the retractor is 
inflatable, and is eqianded by inflating it 

The fifth aspect of tiie invention oiables a substantially cylindrical object, such 
as an inflatable retraction device in its collapsed state, to be inserted into the 
body witiiout budding or januning. An ins^cm tube according to tiie fifdi aspect 

20 of tiie inventifm comprises an dongate tubular member having a bore. The 
bore receives the object, sudi as the collapsed inflatable retraction device, at its 
proxunal end. A string passes ficom the prarimal end to tiie distal end of the 
tubular member inside the bore and returns to tiie pnndmal end of the tubular 
member. The string passing inside the bore is cqiable of attadun^ to the 

25 pro x im al end of tiie obfecL 

Jh a mediod acoarding to the inwration of using the insation tube according 
to the fifih aspect of the invention, tiie string passmg inside the bore is attadied 
to the prarimal end of the object, and the distal end of the otject is inserted into 
the prarimal end of tiie bore of tiie tubular member. The distal end of tiie 

30 tubular member is inserted into the bo<fy. The string retummg to tiie prorimal 
«id of tiie tubular memb^ is pulled to draw the object through the bore of tiie 
tubular mranber. 
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Brief Description of the Dramngs 
Figure 1 shows a cross sectional view of a Type niA inflatable retraction 
device according to a first aspect of the invention in its inflated condition in the 
abdomen. 

5 Figure 2A is a cross sectional view showing details of the non-pressurized 
chamber and the second inflatable chamber of a Type IDA ixiflatable retraction 
device according to a first aspect of the invention. 

Figure 2B is a cross sectional view showing a version of the non-pressurized 
chamber in which the part of its envelope contacting the envelope of the first 
10 inflatable chamber is removed. 

Figure 3A is a cross sectional view showing the non-pressurized chamber and 
the second inflatable chamber of a Type niA inflatable retraction device 
according to a first aspect of the invention in which the second inflatable chamber 
is inside the non-pressurized chamber and has its own envelope. 
15 Figure 3B is a cross sectional view showing the non-pressurized chamber and 
the second inflatable chamber of a I^e niA inflatable retraction device 
according to a first aspect of the invention in vAndi the second inflatable chamber 
is outside the non-pressurized chamber and has its own envelope. 

Figure 4 is a cross sectional view of a lype niA inflatable retraction device 
20 according to a first aspect of the invention in its inflated condition in the 
abdomen and having ducts through which instruments can be inserted into the 
non-pressurized chamber from outside the inflatable retraction device. 

Figure 5 is a cross sectional view of a Type DIB inflatable retraction device 
according to a first aspect of the invention in its inflated condition in the 
25 abdomen. 

Figures 6A through 6C show cross sectional views of the abdomen including 
the bowel, the liver, and the gall bladder to illustrate a first method according to 
the invention of using a type niA or a type iUB inflatable retraction device 
according to the invention to retract the bowel and hft the liver to gain access 
30 to treat the gall bladder. 

Figure 6A shows a packaged Type IIIA inflatable retraction device in its 
collapsed state inserted into the abdomen. 

Hgure 6B shows the Type HIA inflatable retraction device following 
inflation of the first inflatable chamber to retract the bowel, lift the liver, and 
35 gam access to the gall bladder. 
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Figure 6C shows the Type IDA inflatable retraction device following 
inflation of its second inflatable chamber. An endoscope and a cuttfaig 
instrument has been inserted into the non-pressurized chamber to cut an 
qierture in the envelope of the main inflatable diamber through ndiich to 
5 treat tiie gall bladder. 

Figures 7A through 7E iUustrate a second method according to the invention 
of usmg a lypt IDA or a type DIB inflatable retraction device accordhig to the 
invention to retract an organ: 

Eguie 7A is a cross sectional view of a partially inflated Type mA 
10 inflatable retraction device according to a first aspect of the invention beuig 

attached to an endoscope prior to packagmg the inflatable retraction device. 
Figures 7B through 7E show cross sectional views of flie abdomen indudmg 

the bowd, the liver, and the gall bladder 

Figure 7B shows a packaged Type niA inflatable retraction device attached 

15 in a ooDs^ised state to an endoscope prior to ins«tion into the abdomen. 

Figure 7C shows the packaged Type mA inflatable retraction device 

attached m a coVapsed state to an endoscope after it has been inserted into 

die abdomen and the distal end of the endoscope has been placed adjacent 

to tiie gall bladder. 

20 Figure 7D shows die Type DIA inflatable retraction device attadied to an 

oidoscope aftCT the second inflatable chamba has been inflated, and the 
endoscope has been manipulated to align the treatment window in die second 
inflatable chamfoor with the gall bladda. 

Figure 7E shows the Type QIA inflatable retraction device attadied to an 
25 endoscope aSba die first inflatable chamba has beoi inflated to retract the 
bowd, lift the liver, and provide access to treat the gall bladder. 
Figure 8A is a sdiematic representation of a Type IV inflatable retraction 
^vice according to a second aspect of tte invention. 

F^ure 8B is a perspective view of a Type IVA inflatable retraction device 
30 a«vvw«^i'iig to a second a^iect of the invention having an extnnal inflatable 
maintainor. 

F^ure 8C is a cut-awsy perspective view of a Type IVA inflatable retraction 
device accordhig to a second aspect of the invention having an internal inflatable 
maintains'. 
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Figure 9A shows a Type IVA inflatable retraction device with an inflatable 
maintainer according to the invention in its packaged state prior to insertion into 
the body. 

Figures 9B through 9E show cross sectional views of the abdomen induding 
5 the bowel, the liver, and the gall bladder to illustrate the method according to the 
invention of using a Type IVA inflatable retraction device with an inflatable 
maintainer according to the invention to retract the bowel and lift the liver to 
gain access to treat ihc gall bladden 

Figure 9B shows a Type IVA inflatable retraction device after the main 
10 inflatable chamber has been inflated to retract the bowel and lift the liver to 
provide access to treat the gall bladder. 

Figure 9C shows the Type IVA inflatable retraction device after the 
maintainer has been inflated. 

Figure 9D shows the lype IVA inflatable retraction device after the main 
15 inflatable chamber has been deflated 

Figure 9E shows the inflatable maintainer of a Type IVA inflatable 
retraction device in place in the abdomen maintaining the bowel in its 
retracted condition and the liver in its lifted condition after the inflatable 
retractor has been removed from the abdomen. 
20 Figures IQA through lOE illustrate a Type IVB inflatable retraction device 
according to a second aspect of the invention having a mechanical maintaine r. 
Figure lOA is a perspective view of the maintainer. 
Figure lOB is a perspective view of the inflatable retractor. 
Figure IOC is a perspective view of the assembled Type IVB inflatable 
25 retraction device prior to insertion into the body. 

Figure lOD is a perspective view of the maintainer in its expanded 
condition following withdrawal of the inflatable retractor. 
Figures llA through IID show a vertical cross sectional view of a Type lA 
inflatable retraction device to illustrate the high-strength inflation method 
30 according to the invention. 

Figure llA shows the inflatable retraction device after its additional 
inflatable chamber has been filled with a slurry of a .particulate solid in a 
liquid 

Figure IIB shows the inflatable retraction device after the liquid 
35 ccmxponeat of the slurry has been removed its additional inflatable diamber. 
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Figure IIC shows the inflatable retraction device after its additional 
inflatable chamber has been evacuated to consolidate the particulate soHd. 

Figure IID shows the inflatable retraction device fitted with an alternative 
provision for consolidating tte particulate solid. 
5 Figures 12A timnigh 12G iflustrate a sdf-retracting endoscope acooiding to a 
fourth aspect c£ fbs invmition: 

Figure 12A is a perspective view of a sdf-retracting endoscope having an 
mflatable retractor conqnisujg a stadc of toroidal balloons. The inflatable 
retractor is shown in its eapanded condition. 
10 Figure 12B is a cross sectional view of an alternative configuration of the 

inflatable retractor. 

Figure 12C is a perspective view of the self-retracting endoscope with its 
mflatable retractor in its collspsed condition. 

Figure 12D is a perspective view of a variation of the self-retracting 
15 endoscope having an inflatable retractor wifli tiie mflatable retractor m its 
collapsed condition. Ihis variation has a substantially constant diameter 
circular cross section and is especially suitable for use in msufQated body 
cavities. 

Flignre 12E is a cross sectional view of the abdomen showmg the bowel, 
20 tiic liver, tiie gall bladder, and the self-retracting endoscope witii an inflatable 
retractor retracting tiie livw to observe the gafl bladdn. 

Fignre 12F is a perspective view of a self-retracting endoscope accordmg 
to the mvention having a mechanical retractor witii tiie mechanical retractor 
in its collsqised condition. 
25 Figure 12G is a perspective view of tiie sdf-retracting endoscope having a 

mechanical retractor witii tiie mechanical retractor hi its ejqianded condition. 
Figures 13A through 13C fllustrate an msertion tube aooordmg to a fifth aspect 

(tf the invioition: 

F^ure 13A is a perspective view of a most basic insotion tube. 
30 Figure 13B is a perspective view of a less baac msertion tube havmg an 

' ^elet 

Figure 13C is a perspective view of an inqiroved version of the insertion 
tube haying an external narrow bore tube. 

Figure 13D is a paspective view of an mq>roved vosion of tiie insotion 
35 tube having an internal narrow bore tube. 
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DetaQed Description of the Invention 



1. Type in Inflatable Retraction Devices 

(a) Type UIA livable Retraction Deince 
Figure 1 shows a vertical cross sectional view of a retraction device according 
5 to the first Bspect of the inventioiL This ^pe of retraction device has a second 
inflatable chamber that ^ands a non-pressurized chamber into an e2q)anded 
condition when the second inflatable chamber is inflated, and will be designated 
as a lype m retraction device. The Type m inflatable retraction device shown 
in figure 1 with a segmented non-pressurized chamber will be designated as a 
10 Type niA inflatable retraction device. The inflatable retraction device 1 is shown 
in its inflated condition. The inflatable retraction device 1 comprises a first 
envelope 3 enclosing a first inflatable chamber 5. Inside the first inflatable 
chamber 5 is the non-pressurized chamber 13, which is maintained in an expanded 
condition by the second inflatable chamber 25. 
15 The inflatable retraction-device-l is shown being used in the abdomen A to 
retract the bowel B, lift the liver L, and provide access to treat the gall bladder 
GB. After the mflatable retraction device 1 has been deployed, an aperture 4 is 
cut in the treatment window 6 to gain access to the gall bladder GB. The 
treatment window is the part of the first envelope 3 covered by the non- 
20 pressurized chamber 13. Alternatively, the inflatable retraction device 1 may be 
supplied with the aperture 4 already cut in the treatment window 6. The non- 
pressurized chamber 13, supported by the second inflatable chamber 2S, isolates 
the aperture 4 from the first inflatable chamber S. Ibis enables the filrst 
inflatable chamber to remain inflated and to continue to provide retraction of the 
25 bowel B. Because of the aperture 4, the interior of the non-pressurized chamber 
13 is at atmospheric pressure, or, if the abdomen A is insufiOated, at the ambient 
pressure of the abdomen. 

Instruments, sudi as the endoscope 33, pass into the first inflatable chamber 
5 through the gas-tight port 9 on the first inflation tube 7, and thence through the 
30 gas-tight port 31 into the non-pressurized chamber 13 to observe or to treat the 
gall bladder GB. Additionally or alternatively, instruments, such as the forceps 
34, can pass througih the gas-tight port 32 into the first inflatable chamber, and 
thence through a gas-tight port, such as the port 36, mto the non-pressurized 
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chamber. Hie gas-tight ports 9. 31, 32, and 36 enable the first inflatable diamber 
to remain inflated. 

The first envelope 3 of the inflatable retraction dewce 1 can be made of a 
relatively inelastic and tough film of a plastic such as Mylar« or polyelhj^ene. 
5 The preferred relatively inelastic material is a polyethylene and nylon compodte 
with a thickness in the range from 0.5 to 5 mils (13 to 130 microns). Altemati»e- 
ly, the first envelope can be made of an elastomeric material sudi as latex, 
polyurethane, or siUcone rubber with a thickness in the range firom 0.5 to 5 mils 
(13 to 130 microns). 

10 The proximal end of a first inflation tube 7 is sealed into the first envelope 
3. The first inflation tube 7 allows an inflation gas to pass into and out of the 
first inflatable chamber 5. The inflation gas is Qi)ically air, nitrogen or carbon 
dioxide, although other suitable gases m^ be used. Typical inflation gas 
pressures are in the range 0.2 to 0.4 pounds per square inch (psi) (0.14 to 

15 028 kPa), the preferred pressure being 03 psi (0.21 kPa). The first inflation tube 
7 is provided with a gas-ti^t port 9 on its distal end, through which endoscopes 
and/or surgical instruments can be passed into the first mflatable diamber 5. 
The port 9 allows tiie inflation pressure of flie first inflatable diamber 5 to be 
maintained when surgical instruments are passed through it 

20 The first envelope 3 of the Type IHA inflatable retraction device can be a 
polyhedral structure constructed from two segmented, substantially flat pieces of 
material, which gives the inflatable retraction device a substantially polyhedral 
shape. Alternatively, the inflatable retraction device can be constructed firom one 
or more curved pieces of plastic film, which gives the mflatable retraction device 

25 a substantially spherical, spheroidal, or ellipsoidal shape, as shown in figure L 
The size of inflatable retraction devices accordmg to the invention can range 
from about 2" (50 mm) wide by about 05" (12 mm) high, for use niside the 
pericardium, to 10--14" (250-350 mm) wide by 4"-8- (100-200 mm) Ugh, for use 
m the abdominal cavity. The size of inflatable retraction device required for a 

30 given application depends on the appUcation and the size of the patient 

The second envelope 11, vsWch bounds the non-pressurized chamber 13, is 
preferably made from substantially the same thickness of the same mateiial as the 
first envelope 3. However, in some appKcations it m^ be advantageous make the 
second envelope 11 using a different thickness of the same matiarial as the first 

35 envelope, or usmg the same or a different thickness of a different materiaL 
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The second envelope 11 can be a polyhedral structure constructed from two 
segmented, substantially flat pieces of mat^ial, with the edges of the segments 
joined to give the non-pressurized chamber 13 a substantial^ pd^edral shq)e. 
Alternatively, the non-pressurized chamber 13 can be constructed from one or 
5 more curved pieces of material, wUdi gives the non-pressuiized chamber 13 a 
substantially spherical, ^heroidal, or ellipsoidal shape. This form of construction 
is particularly ^ropriate if an elastomeric material is used for the second 
envelope IL 

Despite its name, the non-pressuiized chamber may be briefly inflated to assist 
10 in expanding it from its collapsed condition to its expanded condition against the 
pressure exerted on it by the first inflatable chamber 3. If the non-pressurized 
chamber is to be inflated, it is provided with the second inflation tube 15. 

The peripheiy 17 of the third envelope 19 is attached to the second envelope 
11. This is shown in detail in figure 2A. The third envelope is preferably 

IS attached to the inside surface 21 of the second envel<^. The third envelq>e 19 
has a segmented shape such that, when its periphery 17 is attached to the second 
envelope 11, and the second inflatable chamber 25 formed between the second 
envelope 11 and the third envelope 19 is inflated, the second inflatable chamber 
25 forms a cage structure inside or outside the non-pressurized chamber 13. 

20 Figure 2A shows the second inflatable chamber 25 formed inside the non- 
pressurized chamber 13. Altemativety, the third envelope may be attached to the 
outside surface 23 of the second envelope as shown in figure 1. When the non- 
pressurized chamber 13 is a polyhedral stmcture, the cage stracture d the second 
inflatable chamber is preferabty formed on the faces of the polyhedron. 

25 The third inflation tube 35 allows an inflation gas to pass into and out of the 
second inflatable chamber 25. The inflation gas is typically air, nitrogen or 
carbon dioxide, although other suitable gases may be used. laical inflation gas 
pressures are in the range 2 to 5 psi (1.4 to 3.5 If a), the preferred pressure 
being 35 psi (2.4 kPa). The inflation gas pressure in the second inflatable 

30 chamber 25 is considerabfy higher than that in the first inflatable chamber 5 to 
enable the second inflatable chamber to exert sufficient force to support the non- 
pressurized chamber 13 against the pressure exerted on it by- the inflation pressure 
in the first inflatable chaniber. 

In an embodiment of the I^pe niA retraction device designed for use in an 
V 35 insufElated body cavity, the second inflation tube 15, if fitted, and the third 
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inflation tube 35 aie contained within the fiist inflation tube 7, a shown in figure 
1. Hie outer waU of the first inflation tube 7 forms a gas-tight seal with the 
trocar tube or introducer sleeve through wWdi the first inflation tube passes into 
the body. Alternatively, the three inflation tubes can all be mounted in a tube 
5 sheath that forms a gas-tight seal with the trocar tube or introducer sleeve 
throu^ whidi the tube sheath passes into the body. 

Eguie 2A shows the second inflatable chamber 25 formed between part of the 
second envelope 11 and the third envel«jpe 19. Figures 3A and 3B ilhistrale an 
alternative embodiment in which the third envelope 19C is formed into a geodesic 
10 tubular structure that provides the envdope for the second inflatable chamber 

25C exdnswely. In figure 3A, the second mflatable diamber 25C is formed 
inside the non-pressurized chamber 13C In this configuration, there is no need 
to attach the second inflat^le diamber to the mside surface 21C of the second 
envelope UC In figure 3B, the second inflatable diamber 19D is attached to the 

15 outside surface 23D of the second envelope IID. 

Although providmg the second inflatable diamber with its own envelope, as 
shown in figure 3C; increases the vohmie of material used for the third envelope 

19C; it enables a considerably thinner material to be used for the second 
emAapc UC and thus gwes in a overall reduction in the collapsed bulk of flie 
20 inflatable retraction device. A tiimn«: material can be used for die second 
envdope because the second aivelqpe is subject only to die inflation pressure 

the first inflatable diamber 5C; and is not subject to the mudi higher inflation 
pressure of die second inflatable diamber 25C Ihis alternative form of 
construction is espedaDy preferred when an dastomeric material is used for at 

25 least part of die second envelope UC The foregomg also appKes to flie 
embodiment shown in figure 3D. 

part of die outside surfiice 23 of die second envdope is attached to die inside 
sottSace 27 of die first envdope 3, as shown in figure 2A. The part of die first 
envdope covered by die nonpressurized diamber 13 provides die treatmem 

30 window'6. The second envdope 11 m^ be left intact over die treatment window 
6, in which case diere is a double diickness of material covering die treatment 
window d, as shown in figure 2A. Altemativdy, as shownm figure 2B, part of 
die seamd envelope UB may be removed, sudi as one face of die polyhedron 
if die non-pressurized diambCT is a pol^edron, to avoid a double diidmess of 
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material over the treatment window 6B. In either case, the second envelope must 
be attached to the first envelope to form a gas-tight seal between them. 

The parts of the second envelope 11 not obstructed by the second inflatable 
chamber 25 provide a plurality of windows 29, as shown in figure 1. At least one 
5 of the windows is fitted with a port 31 which enables a suigical instrument to be 
passed from the first inflatable chamber 5 into the non-pressuiized diamber 13. 
When an mstrument, such as the endoscope 33, is passed through the port 31, 
the port forms a gas-tig^t seal with the instrument When the instrument is 
withdrawn from the port 31, the port once more forms a gas-tight seal with itself. 

10 The port 31 provides a gas*tight access from the first inflatable chamber 5 to the 
non-pressurized chamber 13 that maintains the inflation pressure in the first 
inflatable chamber. The port 31 preferably indudes a window of an elastomeric 
' material such as latex, pofyurethane, or silicone robber. A slit may be pre-cut in 
the window to make it easier to pass instruments through the window. 

15 As an alternative to the port 31 shown in figure 1, an instrument may be 
passed directly through the window 29 if at least the part of ibe second envelope 
forming the window 29 is of an elastomeric material 

Figure 4 shows an alternative to using some form of port between the first 
inflatable chaniber and flie non-pressuiized chamber to allow a surgical instrument 

20 to be passed into the non-pressurized chamber. In figure 4, features similar to 
those in figure 1 are indicated by the same reference number with the letter "A" 
added. Hie inflatable retraction device lA i$ provided with a duct 37, which is 
a tube of an inelastic plastic material similar to that which may be used for the 
first envelope 3A. The duct 37 is sealed into one of the windows 29A in the 

25 second envelope llA, passes proximally through the first inflatable chamber 5A, 
is sealed through the first envelope 3A, and »tends beyond the first envelope as 
shown. 

After the inflatable retraction device lA has been deployed, an indsion I is 
made in the abdominal wall BW, and the proximal end of the duct 37 is brought 

30 out through the incision L The duct 37 provides a passage at atmospheric 
pressure through which a surgical instrument can be passed from outside the body 
directly into the non-pressurized diamber 13A, and thence to the gall bladder GB. 
This arrangement provides better feel for the surgeon because movement of the 
instrument is not restricted by the two gas-tight ports 9 and 31 (figure 1). 

35 However, flie duct 37 must be fitted with a gas-ti^t port if the inflatable 
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retraction device lA is used in an insufOated body cavity to prevent insufOation 
gas fiom leaking out thioug^i the duct Inflatable retraction devices according to 
the invention may have botii ports and ducts. 

(b) Type HIB hiflatable Retraction Dence 
5 Figure 5 shows the Type HIB inflatable retraction device 39, which is a 
variation on the Type IIIA inflataWe retraction device having a different structure 
for the non-pressurized danAec and flie second inflatable chamber. Li figure 5, 
flie first inflatable dumber 57 is substantially the same as flie first inflatable 
diamber 5 shown in figure 1 and will therefore not be described farther. He 

10 polyhedral or substantial^ spherical or spheroidal non-pressurized diamber 13 of 
figure 1 is replaced by a substantially cylindrical no&^ressurized diamber 41. 

The part of the first envelope 55 of the first inflatable chamber covered by 
flie non-pressurized diamb« 41 provides a treatmoit window 60 in widdi an 
aperture 61 can be cut to gain access to flie tissue bemg treated, in fliis cxanyle, 

15 the gaU bladder GB. The notti»ressurized diamber 41 enables the first inflatable 
chamber 57 to ranain in its inflated state, and to continue to provide retraction, 
despite flie presence of an qierture 61 in the treatment window 60. The non- 
pressurized diamber 41 is «idosed by part of flie fliird envelope 51, the 
treatment window 60^ and the diaphragm 59. Hie diaphragm is preferably made 

20 of an elastom^c material sudi as latei^ polyurethane or silicone rubbor. 

Tte second inflatable diamber 43 conqnises a stack of toroidal balloons whidi 
is endosed by the third envelope 5L A stadc of three toroidal balloons 45, 47, 
and 49 is shown: a greater or lesser number of toroidal balloons can be used, 
depending on the application. Tbe second inflatable chamber 43 is attadied to 

25 the inner surface 53 of the first raivelope 55 of the first inflatable chamber 57. 
The flnrd envelope 51 of the mflatable retraction device 39 is made of a 
relatively indastic and tou^ fihn of a plastic sudi as M]dar», poiyetiiylene, or 
polyurethane. The preferred material for die third envelope 51 is a polyethylene 
and i^lon conqiosite. TTie tiiidaiess of tiie third envelope 51 is typically from 05 

30 to'5 mils (13 to 130 microns). 

The non^iressurized diamber 41 can be briefly inflated by means of a second 
inflation tube (not shown) to assist ibhntial expansion, as already described. Hie 
second inflatable diamber 43 has a tinrd inflation tobe (not shown) sealed into 
it If a stadc of toroidal balloons 45, 47, and 49 is used for the second inflatable 
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chamber 43, as shown in figure 5, they may simply be interconnecte4 and a single 
third inflation tube used. Alternatively, a third inflation tube may be fitted to 
each toroidal balloon to allow the height of the non-pressurized chamber to be 
adjusted by selective^ inflating the balloons in the stack* In a further alternative, 
5 a single third inflation tube can feed a manifold leading to each balloon through 
a non-return valve. All balloons in the stack are inflated initially. The height of 
the non-pressurized chamber 41 can then be reduced by puncturing one or more 
of the balloons. 

The diaphragm 59 provides one large window through which an instrument, 
10 such as the endoscope 63, may be passed fi-om the first inflatable chamber 57 into 
the non-pressurized chamber 41. Gas-tight seals must be provided around such 
instruments. Using an elastomeric material for the diaphragm 59, or using a 
substantially inelastic material for the diaphragm 59 and fitting a port 65, similar 
to the port 31 in figure 1 will provide suitable gas-tight seals. Alternatively, a 
15 duct, similar to the duct 37 of figure 4, can be used in the retraction device 39 
of figure 5, preferably attached to the diaphragm 59, to provide a passage at 
atmospheric pressure from outside the body through the first inflatable chamber 
to the non-pressurized chamber 41. 

(c) First Method of Use 

20 In the following description, the word "oigan" will be used to mean an organ 
or a tissue that is retracted by the inflatable retraction device. The word "treat" 
will be used to mean both treat and observe, and the word '^eatment** will be 
used to mean both treatment and observation. The word "tissue" or the phrase 
'tissue to be treated" will both be used to mean the organ or the tissue that is 

25 treated through or inside the retraction device. 

Figures 6A through 6C show cross sectional elevational views of the abdomen 
A to illustrate the method by which a Type IDA inflatable retraction device 
according to the invention is used in the body to retract an organ within the bod|y 
to gain access to treat a tissue. In the method illustrated in Figures 6A through 

30 6C, the inflatable retraction device is inserted into the abdomen A and is used 
to retract an organ, the bowel B, to gain access to treat a tissue, the gall bladder 
GB. Ibe inflatable retraction device also lifts the liver L. The method according 
to the invention can also be used to deploy a Type IHA inflatable retraction 
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device in other parts of the body, and to deploy a Type DIB inflatable retraction 
device in die same or m other parts of die body. 

The inflatable retraction device 1 is supplied in a cdOapsed state 91, as shown 
in figure 6A, in whidi it is tightly padcaged in a configuration that makes it 

5 essentiaHy a linear ertension of the first inflation tube 7. The collapsed inflatable 
retraction device is introduced into the bo<ty by pudring it throH^ a sui^^^ 
introducer sleeve or trocar tube T that has been uiserted through a suitable 
incision II m the body waU BW. Alternatwely, an mtroducer tube according to 
the fourth aspect of the invention, to be described bdow, can be used. The 

10 trocar tube T is oriented so that, when the coD^sed inflatable retraction device 
91 is ejected from the trocar tube T, it is located adjacent to the organ as shown. 
The location of the colfapsed retraction device is checked by an endoscope S 
inserted into the body throu^ a second mdsion 12. Once the collapsed retraction 

device 91 is correctly located, it is released from its padcaging. 
15 The first inflation tube 7 is connected to a source of mflation gas (not shown) 

and the gas suppty is slowly turned on to inflate the fiist inflatable chamber 5. 
The first inflatable diamber slowly eqiands, as shown in figure 6B, progressively 
retracting the bowel B and lifting the liver L as its size mcreases. Throughout 
the expansion process, Ae first mflatable chamber 5 presents a relatively large 
20 surface area to the bowel and the fiver, and thus retracts the bowel and lifts the 
liver gently, progressively, and without trauma. Although the first inflatable 
diamber 5 retracts Ae bowel and lifts the fiver gently, it is capsblt of exerting 
the force necessary to efiEect the retraction of the bowel and the lifting of the 
liver. 

25 Once the first mflatabk chamber 5 has reached its fuUy-inflated condition, the 
position of flie treatment window 6 relative to the tissue is checked by observation 
through the endoscope S and/or an endoscope (not shown) inserted into the first 
inflatable diamber 5 through the first inflation tube 7 and the gas-tigjit port 9. 
The tissue to be treated must be substantially centered in the treatment window 

30 6. If the mflatable retraction device 1 is supplied with the ^rture 4 already cut 
in the treatment window 6, the aperture 4 must be substantially centered on the 
tissue to be treated, Lc the gaD bladder in this exanqde. If the inflatable 
retraction device 1 is not correcfly positioned, the mflation gas pressure is reduced 
sli^^ to partially deflate tiie first inflatable diamba and tiie inflatable retraction 
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device 1 is manipulated to correct its orientatioiL The first inflatable chamber 
5 is then reinflated. 

The non-pressurized chamber 13 is next cxpmded. The source of inflation gas 
(not shown) is connected to the second inflation tube 15 and the gas supply is 
5 slowly turned on to inflate the non-pressurized chamber 13 to its fully extended 
condition. An inflation pressure slightly greater than that used to inflate the first 
inflatable chamber 5 is used. The second inflation tube is dzmped^ and the 
source of inflation gas is transferred to the third inflation tube 35. The gas 
suppty is slowly turned on to inflate the second inflatable chamber 25. An 
10 inflation pressure approximately ten times that used to inflate the first inflatable 
chamber is used Once the second inflatable chamber is fiiUy inflated, inflation 
pressure is released from the non-pressurized chamber 13. 

Temporarily mfl^ti'^g the non-pressurized chamber 13 before inflating the 
second inflatable chamber 25 is the preferred way of esq^anding the non- 
15 pressurized chamber. Tnflflting the non-pressurized chamber first makes it easier 
to inflate the second inflatable chamber, and enables the size of the second 
inflatable chamber to be reduced. More force is required to expmd the non- 
pressurized chamber 13 from a collapsed condition against the inflation pressure 
of the first inflatable chamber 5 than to maintain the non-pressurized chamber 
20 in an already-expanded condition against the inflation pressure of the first 
inflatable chamber. However, inflating the non-pressurized chamber is not 
essential, and the step of inflating the non-pressurized chamber can be omitted 
if desired. Inflation cannot be used to help expand the non-pressurized chamber 
if the inflatable retraction device 1 is supplied with the aperture 4 already cut in 
25 the treatment window 6. 

If the ^rture 4 is already cut in the treatment window 6, treatment of the 
tissue can begin using one or more instruments passed thr<High the gas-tight port 
9 and the first inflation tube 7 inta the first inflatable chamber 5 and thence 
through the port 31 into the non-pressurized chamber 13. 
30 If the s^rture 4 is to be cut in the treatment window 6, an endoscope 63 is 
passed through the port 9 and the first inflation tube 7 into the first inflatable 
chamber 5, and from the first inflatable chamber 5 through the gas-tight port 31 
into the non-pressurized chamber 13. A cutting instrument 67 is then passed into 
the first inflatable chamber through the gas-tight port 69, and fi-om the first 
35 inflatable chamber to the non-pressuiized chamber through the gas-tig|ht port 71. 
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The cuttii^g instnimeiit is then iised to make a cut in, and ^ 

the treatment wndcw 6 to provide the j^jerture H the second envelope 11 

covets the part of the first envelope cat or removed (see figure 2AX this part of 

fhe second ^ivdope must also be cut or removed. 
5 The tissue to be treated is treated nsingmstruments passed through ports sudi 

as the port 31 into the non-pressurized diamber 13. The instruments are then 
passed out of the non-piessutized chamber throng the aperture 4 to treat the 
tissue. Alternatively, the tissue can be puned into the non^»ressuiized chamber 
through the aperture 4 and the treatment can be carried out inside the non- 

10 pressurized chamber. Hie edges of the aperture 4 form a seal against the tissue 
and keep Wood, debris, eta safety inside the non-pressuiized chamb«, from 
whence thqr can easity be removed. 

If the inflatable retraction device is of the configuration shown m figure 4, and 
has a duct 37 instead o^ or in addition to, the gas-ti^ port 31, the duct 37 is 

15 used to pass the endoscope 63 and the cutting histrument 67 mto the nonr 
pressurized chamber m the method described above. Altemativefy, both ducts 
and ports can be used. 

The need for extoisive man^nilation of the mfiatable retraction device 1 to 
cei^ ibe treatment wuidow 6 on the tissue bdng treated can be reduced by 

20 providmg further non-pressurized diambers attached to tte first onrelope 3. Eadi 
non-pressurized diamber provides a differentfy-oriented treatment window and has 
its own second inflatable chamber. Afier the first inflatable diamber 5 is inflated, 
the one or more non-pressurized diambers that provide the most favourabty 
aligned treatment wmdows relative to the tissue bemg treated are expanded as 

25 described above, and are nsed to provide access to treat the tissue. 

(d) Second MeAod cf Use 
Figures 7B diroug^ 7E show cross sectional elevational views of the abdomen 
A to iOustrate ibe second mediod accordmg to ±e mvention of using a l^pe IIIA 
uiflatable retraction device accordmg to the invention to retract the bowel B and 
30 lift the liv» L to gain access to the gall bladder GB, as in the first method 
described above. The same method can be used with a- Type IIIB mfiatable 
retraction device, and the method' can be adqrted for use in connection with 
treating ofiier ttesues. 
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The first method of using a Type m inflatable retraction device involves a 
tedious process to align the treatment window 6 with the tissue to be treated 
The second method of using a l^e m inflatable retraction device simplifies 
aligning the inflatable retraction device 1 relative to the tissue to be treated 
5 Before the inflatable retraction device 1 is inserted into the body, both the 
first inflatable chamber 5 and the second inflatable chamber 13 are partially 
inflated, and the inflatable retraction device is assembled with the endoscope 33 
as shown in figure 7A. The distal end of the endoscope 33 is inserted into the 
first inflatable chamber 5 through the first inflation tube 7 and the gas-tight port 
10 9. The distal end of the endoscope 33 is pushed through the gas-tight port 31 
into the non-pressurized chamber 13 and is centered in the treatment window 6. 
Alternatively, a gas-tight port specifically designed to seal with flie endoscope 33 
can be incorporated into the second envelope 11 to receive the ^oscope. The 
first and second inflatable chambers are then collapsed by evacuating them. 
15 The inflatable retraction device is then wrapped around the shaft of tiie 
endoscc^ 33, adjacent to the distal end of the endoscope as shown in figure 7B. 
M an a^rture is already cut in the treatment window 6, the tq> of the endoscope 
is exposed. Otherwise, the tip of the endoscope is covered by at least a layer of 
the first envelope 3, as shown in figure 7B. The collapsed inflatable retraction 
20 device 91 is held in position by detachable ladng 93. Alternatively, the colk^sed 
inflatable retraction device can be held in position by a sleeve with detachable 
ladng, by a sleeve with a tear strip, or by another suitable method The 
packaged assembly has an overall diameter of about 11 mm, which enables the 
package to fit through a 12 mm trocar tube. 
25 Before the assembly is inserted into the body, it may be necessary to iTi ?q ifn?t e 
the abdomen A temporarify to create space in which to maneuver the distal end 
of the endoscope/retractor assembly 95 into proximity with the tissue to be 
treated InsufQation techniques are known and will not be described The 
insufflated condition is indicated by the broken line marked A' in figure 7B. An 
30 incision U is made in the abdominal wall BW and a trocar tube T is driven 
through the wall. The endoscope/retractor assembly 95 is inserted into the 
abdomen through the trocar tube (and a gas-tight port P on -the trocar tube if the 
body cavity is insufOated). AVhile' viewing through the endoscope 33, and, if 
desired, througib an additional endoscope 63 inserted into the abdomen in the 
35 vicinity of the gall bladder GB through an additional indsion 12, the endoscope 
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33 is manipulated to bring its distal end dose to tbe gall bladder GB» as shown 
in figure 7C 

The inflatable retraction dewoe 1 is then released from its padcagmg and the 
non-prosurized diamber 13 is expanded into its oqianded condition as shown in 
5 figure 7D. Kani?>erture is not already cut in the treatment window 6, the non- 
pressurized diamber is preferably eaqwnded by tenqiorarity inflating it ushig the 
second inflation tube 15. He second inflatable diamber 25 is then inflated with 
inflation gas through the third inflation tube 35. If the ^»erture is already cut, 
or if the second inflation tube is not provided, the noniiressurized diamber is 
10 oqwmded by inflating the second inflation diamber 25 with inflation gas througjh 
the third inflation tube 35. With flie non-pressurized chamber eqianded, the 
endoscope 33 is then manipulated, vMe observing at least through the endoso^ 

33, to center flie treatmoit window 6 on the tissue to be treated. Le., flie gall 
bladder GB. The endoscope 33 is then damped in position to hold tiie non- 
15 pressurized diamber in its correct location relative to the gaH bladder wbea the 
SxSt inflatable diamber is inflated. 

The first inflation tube 7 is connected to the siqiply of inflation gas (not 
shown) and inflation pressure is slowdy increased to eaqwnd the first inflatable 
chamber 5. The ©qiandmg first inflatable chamber gently retracts the bowel B, 
20 lifts the liver L» and provides a woridng space in fixmt of the gafl bladder GB, 
as sbown in figure 7E. 

After the inflatable retraction device has been deployed according to the 
mefliod just described, instruments are passed into the first inflatable diamber 5 
and thMice into die non-pressurized diamber 13 to treat die gall bladder as 
25 described above. The method described above can also readily be adapted to 
d^lqy an inflatable retraction device with ducts, as shown m figure 4. 

2. Type IV Inflatable REiRAcnoN ItevicES 

Figure 8A is a sdiematic representation of a basic lype IV inflatable 
retraction device according to die second aspect of the invention. The Type IV 
30 i'«flfl*aWA retraction device is ^own in its ei^ded condition. The Type IV 
inflatable retraction device 101 has two main conqionents, tiie mflatable retractor 
103 and the maintainer 107. Both the inflatable retractor and the maintainer are 
in a collapsed condition when the Type IV inflatable retraction device is mserted 
into tiie body. 
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The first main component of the Type IV inflatable retraction device, the 
inflatable retractor 1Q3, has a main inflatable chamber 105 that is inflated to 
retract an organ into a retracted condition The second main component, the 
maintainer 107 is e}q)anded, at least partially by inflating the inflatable retractor, 
5 to maint ain the retracted organ in its retracted condition and to allow the 
inflatable retractor 103 to be deflated and, possibly, removed 

The structure of the inflatable retractor 103 does not permit instruments to 
pass through it to treat the tissue. The maintainer 107 has an open structure that 
enables instruments to pass througih it to treat the tissue once the inflatable 
10 retractor 103 has been deflated and, possibly, removed. Hie maintainer 107 may 
have several different constructions that will be described below. 

(a) Type JVA Ir^latable Retraction Device 
Figure 8B shows a Type IVA inflatable retraction device which has an 
inflatable maintainer 107A. The main inflatable chamber 105 of the inflatable 

15 retractor 103 is enclosed by a main envelope 109, which is pre&rabty a balloon 
of a suitable elastomeric material such as latex, polyurethane, or silicone rubber. 
The size and shape of the main inflatable chamber 105 depends on the 
application. For a given inflated size, a main envelope made of an elastomeric 
material has considerably less collapsed bulk than a main envelope made of a 

20 non-elastic noaterial, such as Mylar®, polyethylene, polyethylene/nylon composite, 
etc. Moreover, the main envelope of a Type IVA mflatable retraction device can 
be considerably lighter and thinner than the main envelope of a Type I retraction 
device because it need only remain inflated for a few minutes, and is subject to 
considerably lower pressures. The main inflatable chamber is inflated by an 

25 inflation gas passed through the main inflation tube 111. 

The inflatable maintainer 107A shown in figure 8B is a geodesic structure 
formed fi*om a plurality of interconnected inflatable plastic tubes 113. The tubes 
113 are formed from a substantially inelastic plastic material such as Mylar® or 
polyethylene, or, preferably, a polyethylene/i^lon consposite. The tubes are 

30 interconnected so that their bores communicate, which enables the maintainer to 
be inflated 1^ the single additional inflation tube 115. The size and shi^e of the 
tubes 113 depends on the application. For instance, a Type IV inflatable 
retractor suitable for retracting the bowel and lifting the liver to gain access to 
the gall bladder has a stracture in which the tubes 113 are on the edges of a 
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dodecahedion in the range 8" to 12" (20 to 30 cm across. Each tube is 0.4" to 
0.8" (10 to 20 mm) in diameter, and has a wall thickness in the range 4 to 10 
mil (0.1 to 025 mm). 

(b) Type WA Irtfiatable Retraction Device - Method cf Use 
5 For insertion into the bo4y, the lype IVA inflatable retraction device is 
padoged as fbUows. The main inflatable dianiber 105 of the mflatable retractor 
103 is preferably lightljr attached to the mamtainer 107A before the inflatable 
retraction device 103 is packaged m its collapsed state. This is to ensure fliat the 
main inflatable chamber remains inside the maintainer when the main inflatable 

10 chamber is mflated. The main inflatable chamber and the mamtainer are inflated 
with the main inflatable chamber mside the maintainer, and are attadied to one 
another usmg a suitable adhesive, or by wddhig. 

The matn inflatable chamber 105 and the maintainer 107A are thai both 
evacuated to collqise them, and then are packaged to form an extension of the 

15 mahi inflation tube 111 and the additional mflation tube 115. The coHapsed 
inflatable retraction device is held in its packaged condition by the sleeve 112 
wifli detachable lacing 114, as shown m figure 9A. Altemalively, the coIlq»ed 
retraction device can be held ui its collapsed condition fay detadiable ladng, by 
a sleeve witii a tear strip, ot by anoflier suitable method. Hie packaged assembly 

20 hasanovaafldiameterof about 11 mm, which enables the package to fit ihrougjh 

a 12 mm trocar tube. 

Figures 9B through 9E illustrate tiie method accordmg to the mvention of 
usmg the Type IVA inflatable retraction device 101 in tiie abdomen A to retract 
the bowel B and to lift the livo- L to gain access to treat the gall bladder GB. 

25 The method can also be used to treat other organs and tissues m the body. The 
packaged niflatable retraction device 101 is mserted mto the body timnigh a 
suitable trocar tube T and placed adjacent to the tissue to be treated, Le, the gall 
bladder GB. The mflatable retraction device 101 is released firam the sleeve 112 
by puffing on file detadiable ladng 114 (figure 9A). The main inflation tube 111 

30 is connected to a source of inflation gas (not shown) and die inflation gas 
pressure is inaeased until the main mflatable diamber 105 b^jns to expand. 
When the mafa inflatable diambef expands, it gently retracts the bowd B and 
lifts the liver L, and also extends maintain^' IOTA av&t its smface, as shown in 
figure 9B. 
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When the main inflatable chamber 105 is eiq^anded to the limits defined by 
the maintains 107A, ioflation is stopped, the first inflation tube 111 is damped, 
and the source of inflation gas is transferred to the additional inflation tube 115. 
The maintainer is then inflated to a fully expanded condition, as shown in figure 
5 9C. This requires a pressure in the range 5 to 10 pounds per square inch (3^ 
to 7 kPa). 

Inflation of the maintainer 107A may be begun b^ore the main inflatable 

chamber 105 is fiilfy inflated, if desired. An endoscope can be introduced into 

the main inflatable chamber through a gas-tight port 117 on the main inflation 

10 tube 111 to check the position of the maintainer. If the maintainer obstmcts 

access to the tissue to be treated, the partially inflated maintainer can be 

manipulated to change its position. The maintainer and the main inflatable 

chamber are then fully inflated. 
« 

Once the maintainer 107A is fiiUy inflated, the inflation pressure to the main 
15 inflatable chamber 105 is gradually released During deflation of the main 
inflatable chamber, the structural integrity of the maintainer is observed to ensure 
that the maintainer retains the retracted organ in its retracted condition. 
Manipulation of the maintainer may be necessary to ensure that the organ 
remains adequately retracted. 
20 Deflating the main inflatable chamber 105 detaches it fi-om the maintainer 
107A Once the main inflatable chamber is fully deflated, as shown in figure 9D, 
it is evacuated to collapse it, and the inflatable retractor is removed firom inside 
the maintainer, and removed fi-om the bod^, leaving the maintainer alone to keep 
the bowel retracted and the liver lifte4 as shown in figure 9E. 
25 The tissue is then treated using instruments passed into the body through 
suitable incisions in the body wall BW. The instruments are passed through the 
large wmdows between the inflatable tubes 113 of the maintainer. The 
maintainer has no external envelope, so no time need be spent cutting apertures 
to gain access to the tissue to be treated 

30 (c) Type IVA Inflatable Retraction Device with Internal InflcUable Maintainer 

The Type IVA inflatable retraction device may also be packaged with an 
inflatable maintainer 107B inside the main inflatable chamber 105. An internal 
maintainer eliminates the risk of the main inflatable chamber 105 escaping fi'om 
Inside the maintain^' 107B during inflation of the main inflatable chamba. 



n»^n^/^«M payUS92/(M393 
W09Z/2129Z 

26 

Although the maintainer camot escape from the main inflatable chamber, it is 
still desirable to attach the mamtainer to the inside of the main oivelope 109. 
Inflating the main inflatable chamber partially espmis the maintainer 107B before 
it is inflated, which makes it easier to inflate the maintainer. The mflatable 
5 retraction device, witii tiie main inflatable cfaainber in its inflated condition, is 

shown in figure 8C 

The internal maintainer variation of the Type IVA inflatable retraction device 

is deployed by tiie same metiiod as the external mamtainer variation described 
above. However, afta: mflation pressure has beai removed from the main 

10 ^trfiatflKV diamber 105, tiie mam envelope 109 cannot sinq>Ijr be witiidrawn from 
the outside of the maintainer. Instead, it must be cut up and removed. 
Alternatively and preferably, it is left m place during treatment, and apertures are 
cut m the main envelope tiuough vftadi treatment can be carried out Leaving 
the main envelope in place enables the tissue to be pulled through die aperture 

15 in ti» main oivdope and treated inside tiie main envdope. The aperture in the 
main euvclope fiums a seal around the tissue bemg treated, and blood, debris, 
etc. are retamed inside the main envelope, vAenoe th^ can easity be removed. 

(d) Type WA IttflatabJe Retmcthn Device wA Mechanical Mcanttdner 
The inflatable maintainer 107A of a Type IVA inflatable retraction device can 

20 be replaced by a medianical maintainer haviiig a bistable folding rib structure of 
metal, plastic; or some otiier suitable material Inflating the main inflatable 
diamber retracts the oigan, and also partially unfolds tiie ribs of the maintainer 
into an e3q}anded condition as the main inflatable diamber eiqiands. Inflating the 
maiii inflatable diamber further fully eqiands the maintainer by driving its ribs 

25 into a stable, over-center condition. When the inflation pressure m the main 
inflatable chambo- is reduced, the ribs stay in their over-center condition. In this 
condition, tiie maintainer has stractural int^ty and can maintain the oigan 
retracted by the main inflatable chamb^ in its retracted condition. 

The mechanical mamtamer of a T^pe IVA inflatable retraction device is 

30 iCTioved at the end of the treatment by dismantling it or cutting it up. 
Altonatively, an inflatable retractor can race more he placed inside tiie 
wiaififainftr and inflated to return tiie ribs from tiidr over-center condition. The 
inflatable retractor is then ddlated, vidiich enables the maintainer to coUqse into 
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its folded condition. The maintainer is then removed in its folded condition along 
wiHx the inflatable retractor. 

(e) Type IVB Inflatable Retraction Desnce 

The Type IVB inflatable retraction device uses the sinq>le mechanical 
5 maintainer shown in figure lOA. The maintainer 107C conq>rises a first hub 133 
and a second hub 135 interconnected by a plurality of strips or wires 131 of a 
malleable metal or plastic. Aluminum or steel is preferred. Alternatively, the 
maintainer can be made by making a number of longitudinal cuts almost from 
end-to-end of a tube of a suitable malleable material. The outside diameter of 
10 the maintainer 107C is about 11 mm, which enables it to pass easily through a 
12 mm introducer sleeve. 

In. figure lOB, the main inflatable chamber 105 of the inflatable retractor 103 
is preferably a balloon endosed by a main envelope 109 of a suitable elastomeric 
material such as latex or sificone rubber. The size and shq)e of the main 
15 inflatable chamber 105 depends on the application. Using an elastomeric material 
for the main envelope enables an envelope of the required strength and inflated 
size to fit within the maintainer 107C Hie main inflatable chamber is inflated 
by an inflation gas passed through the main inflation tube 111. 

Before insertion into the body, the retractor 103 is assembled with the 
20 maintainer lOZC, as shown in figure IOC The main inflation tube 111 is 
temporarily attached to the maintainer to make a single unit for insertion. 

After the inflatable retraction device 101 is inserted into the body, the main 
inflatable chamber 105 is inflated by passing an inflation fluid through the 
inflation tube 111. TTie main inflatable chamber expands radially, which retracts 
25 the organ, and displaces the strips 131 of the maintainer radially outwards. This 
reduces the overall length of the maintainer. Figure lOD shows the shape of the 
maintainer in its expanded condition at the end of the inflation process. 

After the main inflatable chamber 105 is fully inflated, and the maintainer is 
in its ejq)anded condition, as shown in figure lOD, the inflation pressure in the 
30 main inflatable chamber is released, and the main inflatable chamber returns to 
its collapsed condition. The maintainer 107C in its e3q)anded condition is 
sufficiently strong to maintain the organ in its retracted condition. The main 
inflation tube 111 is then detached fi-om the maintainer, and the retractor 103 is 
withdrawn from the body. The tissue is treated by instruments passing from 
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outside the body through the spaces between the strqis 131 of the maintainer 
107C 

Alteniatwety, the main inflatable chamber lOS can be released from the end 
of the main inflation tube 111 and removed from the body. The main inflation 
5 tube is then used as a duct through which to pass instruments from outside the 
bodSy to treat the tissue. The instruments pass from outside flie body into die 
int&nxa of the maintainer, and titen pass through the spaces between the strq)s 
131 (tf the maintainer 107C to treat the tissue. 

3. HSBB-STSESGTa bOFLATING IXETEOD 

10 A method according to the third aspect of the invention fin* inflating Type I, 
Type m. and Type IV inflatable retraction devices having a second or additional 
inflatable diamber (an "additional inflatable chamber") enables tiie coll^sed bulk 
of such inflatable retraction devices to be reduced. The additional inflatable 
chamber of aiy of flie above-mentioned inflatable retraction devices relies on flie 

15 ri^dily of its envelope und» inflation pressure for its strengtiL To provide tiie 
strengtii required, the additional inflatable chamber must have a relathwiy large 
cross sectional area and use a relatively high inflation pressure (about ten times 
tiiat used in the main inflatable chamber). This in turn requires fliat tiie 
envelope of tiie additional inflatable diamber be rdativelydiidc Tlie large area 

20 of rdatively tfaidc material requited for the envelope of the additi<mal inflatable 
dianib^ contributes significantly to the oaSiapsed bulk of the inflatable retraction 
device. 

The mefliod accordmg to tiie invmtion of filling tiie additional inflatable 
chamber of an mflatable retraction device fills the additional inflatable chamber 
25 wifli a fluid that, once in place, is made rigid. This enables the whole cross 
sectional area of the additional inflatable chamber to omtrflmte to tiie strength 
of the additional inflatable chambo:. For a givoi strengtii, the aoss-sectional 
area of the additional inflatable chanib^ can be reduced, and lower pressures can 

be used, which enables a smalla area of a thinner material to be used for the 
30 envelope of the additional inflatable diamber. This results in a useful reduction 
in ibe collapsed bulk of tiie additional inflatable duunber, and hence in tiie 
collapsed bulk of the inflatable retraction device as a yfbxAe. 

In inflatable retraction devices in wfaidi the envdope of tiie main inflatable 
diamba foims part of the envelope of the additional inflatable diamber, a 
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thinner material may also be used for the envelope of the main inflatable 
diamber, giving a further reduction in the collapsed bulk of the inflatable 
retraction device. 

In the method according to the invention, the main chamber of the inflatable 
5 retraction device is inflated in the normal way. Hie additional inflatable chamber 
is then filled with a slurry of a non-soluble particulate solid in a fluid. Freferabty, 
the slurry is a sluny of glass beads in water. Beads in the range 0.040" to 0.080" 
(1 to 2 mm) in diameter are preferred. Alternatively, the beads can be of a 
suitable plastic, such as polycarbonate or aoylic The additional inflatable 
10 chamber is preferabty filled by evacuating it, and then punq>ing the sluny in to 
fill it 

The fluid is removed from the additional inflatable chamber, leaving the 
particulate solid behind. This is preferably done by inserting into the inflation 
tube a filter with a mesh small enough to trap the particulate solid while allowing 

15 the fluid to pass. The fluid is then pun5)ed out flu"ough the filter. The 
particulate solid is then compacted by evacuating the additional inflatable 
chamber. With the additional chamber evacuated, ambient air pressure acting 
agamst the envelope of the additional inflatable chamber pushes the particulate 
solid together, and expels fluid from between the particles of the solid. This 

20 greatly increases the friction between the particles and allows die particles to bind 
together to form a pseudo-solid structure. 

Treatment is carried out working through the inflatable retraction device as 
normal. When treatment is complete, the vacuum is released, and fluid is 
pumped back into the additional chamber once more to wash the particulate solid 

25 out of the additional inflatable chamber and to allow the inflatable retraction 
device to be removed from the body. 

Hie method according to the invention is illustrated in figures llA through 
HQ which show a polyhedral Type lA inflatable retraction device 301. The main 
inflatable chamber 303 is inflated with a suitable inflation gas passed through the 

30 main inflation tube 305 in the normal way. The additional inflation tube 307 for 
filling the additional inflatable chamber 309 is connected to the sluny filling 
apparatus 311. 

^ Hie slurry filling apparatus comprises a reservoir R for the slurry S. Hie 
slurry S comprises partides, such as the particle P, of a particulate solid in a 
35 liquid L. The reservoir R has a slurry outlet that is coimected to the forward 
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inlet of the reversible pump P. The forward outlet of the reversible pump P is 
comiected through the switchable filter F to the first port of die vahre V. 
The second port of the 2-way valve V is connected to a vacuum line VAC The 
common port of the 2-way valve V is connected to the second inflation tube 307. 
5 The 2-way valve V is set to connect its first port to the ccmmion port and the 
filter F is set to its off position. The punq> P is operated in its forward direction 
to pvmp the shmy S into the additional inflatable diamber 309. Hie inflatable 
retraction device 301 with its main inflatable chamber 303 inflated with inflation 
gas and its additional inflatable chamber filled with slurry S is shown in figure 
10 llA. The slurry S in the additional inflatable chamber comprises partides, such 
as the particle P, of a particulate solid in the liquid L. 

The filter F is flien switehed to its on position and the pump P is reversed. 
The pomp P punq)s the slurry S out of the additional inflatable diamber 309, but 
the filter F traps the partides of the particulate solid coniponent of the slurry 
IS remain inside flie additional inflatable chamber, and onty the liquid oonqx)nent 
L of the sluny S is returned to the reservoir R. The inflatable retraction device 
301 wifli its main inflatable diamber 303 inflated with inflation gas and its 
additional inflatable chamber filled with partides, such as the partide P, of the 
particulate soKd conqx>nent of the slurry is shown in figure IIB. 
20 The 2-way valve V is then set to connect its second port to its common port 
This connects the vacuum line VAC to the additional inflation tube 307. The 
vacuum line VAC reduces the pressure inside the additional diand)er 309. 
External pressure on the envelope of the additional diamber forces the envelope 
inwards and consolidates the partides of the particulate solid. Inflation pressure 
25 in the main inflatable chamber 303 is then r^eased. F^ure IIC shows the 
inflatable retraction device 301 after tiiie additional inflatable diamber 309 has 
been evacuated. Hie partides, such as the partide F, of the particulate solid 
component of the slurry are conqiacted and provide the additional inflatable 
diamber 309 with considerably more strength than if the additional inflatable 
30 chamber were filled with an inflation gas. The main inflatable diamb» 303 is 
in its depressurized state and an aperture 313 has been cut hi the envelope of the 
T P?in inflatable chamber to provide access to the organ to be treated. 

The Trway valve V and the vacuum line VAC can be dispensed with if tiie 
punqi P is capable of pulling a vacuum of more than x mm of mercury (kP^). 
35 Hie pump P is the left runnmg after all the liquid has bem removed from the 
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additional inflatable chamber 309 to reduce the pressure in the additional 
inflatable chamber and consolidate the particulate solid 

With relatively small retraction devices, a large syringe can be used for the 
pun^ P and the reservoir R« The same or a different syringe can also be used 
5 to evacuate the additional inflatable chamber. 

Particulate solids other than glass beads can be compacted by heating them 
or cooling them. Moreover, with such particulate solids, it may not be necessaiy 
to remove the liquid conq)onent of the slurry before compacting takes place. 
Figure IID shows the IVpe lA inflatable retraction device 321, which includes the 

10 inner pipe 309 runmng through the additional inflatable chamber 309. Once the 
additional inflatable chamber has been filled with the sluny, and the liquid 
component of the sluny removed, if necessary, a fluid at a suitable tenq)erature 
is circulated through the inner pipe inlet 317, an inner pipe outlet (not shown), 
and the inner pipe 315. The temperature change caused by the fluid circulating 

15 in the inner pipe 315 consolidates the matter filling the additional inflatable 
chamber. If the particulate solid is consolidated by heating, a suitable electrical 
heatmg element can be substituted for the inner pipe 315. 

4. Self-Retraciing Endoscope 

During endoscopic observation within the body, it is often impossible to see 
20 a wide enough area at one time because other organs or tissues obstruct the field 
of view of the endoscope. Retraction devices of the type described in this 
application, in the prior application, and elsewhere can be used to provide 
retraction and obtain an imobstructed view. The process of correctly positioning 
the retraction device, deploying it, opening up one or more observation windows, 
25 and removing the retraction device after the observations are conq)lete is 
cumbersome. A self-retracting endoscope according to the fourth aspect of the 
invention provides local retraction in the vicinity of the distal end of the 
endoscope to provide an unobstructed wide field of view. 

• (a) Inflatable Self-Retractrng Endoscope 
30 An inflatable self*retraction endoscope 201 according to the invention is shown 
in figures 12A through 12D. The self retracting endoscope 201 comprises a 
substantial^ tubular optical assembly 203 and an inflatable retraction device 205. 
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The optical assembly 203 can be ihe same as ihe optical assembty used in known 
optical or video endoscopes. 

The inflatable retraction device 205 is attached to the outer surfiace 207 of the 
optical assembly 203, dose to the distal end of the optical assmibly. The 
5 inflatable retraction device 205 is provided vritfa an inflation tube 209 through 
which it is inflated into the expanded condition shown in figure 12A, once inside 
the body. 

Hie inflatable retraction device, when inflated, is shaped like a hollow frustum 
of a cone having its narrow end towards the optical assCTibty 203. The shape of 
10 fb& inflatable retraction device 205 is designed such that it does not obstract the 
peripheral view from the optical assembly 203 when the optical assCTibfy is set 
to its widest viewing angje. 

In the preferred raibodiment, the inflatable retraction device 205 comprises 
a stadc of toroidal balloons 211 made of a suitable elastomeric or nonrelastomeric 
15 flodble ynateri^i, The diameter of the toroidal balloons increases in the distal 
direction to prevent the inflatable retraction device from reducing the field of 
view of the optical assembly 203. 

Altemativdy, the version of the inflatable retraction device 205 shown in 
figure 1^ can be made from two sector-shaped pieces of an inelastic flexible 
20 mat^ial 213 and 215, respectively. Opposmg straight sides of eadi piece of 
mat^al are connected together to form a truncated cone. The truncated cone 
formed fit>m material 213 is placed over the truncated cone made from the 
material 215, and the curved sides of the truncated cones are joined together. 
The slanting sides of the truncated cones are also tacked together with tiie tacks 
25 217 to give the resulting hollow frustum substantial^ parallel inner and outer 
slanting sides. 

The self-retracting endoscope 201 is supplied with the inflatable retraction 
device packed in a collapsed condition 219 flat against tiie outer surface 207 of 
the optical assembfy 203, as shown in figure 12C An alternative constraction of 
30 the self-retracting endoscope 201 for use in an insufOated boc^ cavity is shown 
in figure 12D. The optical assembly 2XB indudes a waisted portion 221 that 
accoinmodates the inflatable retraction device in its collapsed state 219 within the 
overall diameter of the optical assembfy. Ihe optical assembly 203 also 
accommodates die inflation tube 209 mtemally so that the self-retracting 
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. endoscope 201 has a substantially constant drcular cross-section that can foim a 
seal vdth the gas-tight port of a trocar tube. 

(b) Method of Using the Self-Retracting Endoscope 
The method according to the invention of using the self-retracting endoscope 
5 201 according to the invention to make observations within a body cavity is 
illustrated in figure 12E, in which the endoscope is used to observe the gall 
bladder. An incision I is made in the abdominal wall BW. A trocar tube T is 
inserted and the abdomen is insufOated using known techniques to provide 
working space. The self-retracting endoscope 201 is inserted into the abdomen 
10 through the gas-tight port P on the trocar tube T and is advanced past the bowel 
B and under the liver L into the vicinity of the gall bladder GB. 

With a conventional endoscope, part of the gall bladder can be oteerved, but 
attempts to see the gall bladder as a whole are thwarted by the liver L. When 
the conventional endoscq>e is drawn away from the gall bladder GB to obtain a 
IS view of the gall bladder as a whole, the liver drops back into place and obstructs 
the view. 

In the method according to the invention of using the self-retracting endoscope 
201 according to the invention, the distal tip of the endoscope is placed close to 
the surface of the gall bladder GB, and a source of inflation gas (not shown) is 

20 attached to the inflation tube 209. The inflation gas pressure is gradually 
increased to e9q>and the inflatable retraction device 205. As the inflatable 
retraction device 205 expands, it pushes the distal tip of the endoscope away from 
the gall bladder, enlarging the field of view, and retracting the liver to prevent 
the liver fi-om obstructing the view of the gall bladder. 

25 After the observations have been made, the inflation pressure in the inflatable 
retraction device 205 is released to collapse the inflatable retraction device. The 
inflatable retraction device is then evacuated to retract it fully. Hie distal tq) of 
the self-retracting endoscope 201 can then be moved to a different observation 
site (if accessible from the incision I) and the inflation-observation-deflation 

30 sequence is repeated. In some circumstances, it may not be necessary to deflate 
the inflatable retraction device to change the observation site. 



PCrAJS92/04393 

WO 92/21292 

34 

(c) Seff'Retracting Endoscope YnA Mechanical Retmctor 
A self-retracting endoscope m± a mechanical retractor according to the fourth 
aspect of the invention is shown in figures 12F and 12G. The self-retracting 
endoscope 201 comprises a substantiaUy tubular optical assembly 203 and an 
5 expandable mechanical retractor 223. The optical assembty 203 can be flie same 
as the optical assembly used in known optical or video oidosoopes. 

The espandable medianical retractor 223 comprises a fixed hub 225 and a 
sUdable hub 227. The fixed hub 225 and tiie sUdable hub 227 are interconnected 
by a plurality of springy metal or plastic strips or wires 229. In the preferred 
10 embodimait, optical quality transparent stdps are used. The fixed hub 225 is 
affixed to the extension 231 on tire distal end of tiie optical assembly 203. The 
extension 231 can be a plurahty of thm, stiff wires, or can be a hoUow cylinder 

of a transparent plastic The expandable mechanical retractor is expaaded by 
slidmg the sKdable hub 227 axiafly along the outer surface 207 of tiie optical 

15 assembfy by a suitable mechanism (not shown). The medianism allows the 
sUdable hub to be lodced m position to keep it in its expanded condition. In its 
expanded condition, tiie expandable medianical retractor retracts organs 
obstructing tiie field of view from tiie distal end of die optical assembty. 

Figure 12F shows tiie expandable mechanical retractor in its coUapsed 

20 condition witii tiie strips 229 of tiie retractor lying substantiafly parallel to tiie 
outer surface 207 of flie optical assembty. The self-retracting endoscope is 
msertedmto tiie body hi tins state. Hgure 12G shows tiie expandable mechanical 
retractor 223 m its expanded condition. The slidable hub 227 has been sUd hi 
the distal direction axially along tiie outer surface 207 of tiie optical assembly 

25 203 and has beai tocked m place. This causes tiie strips 229 to move radially 
outwards to form flie structure shown m figure 12G, vMch retracts organs or 
tissues tiiat would otiicrwise obstruct flie view from tiie optical assembly. 
Observations are carried out lookmg tiwugh tiie strips 229 and tiie extension 231. 
After observations have been conqileted, tiie sUdable hub 227 is sUd proxunally 

30 aloiig flie outer surface 207 of the optical assonbty to return tiie e:q»andable 
retractor to its collapsed condition so tiiat tiie self-retracting endoscope can be 
withdrawn from tiie bod^^ cavity. 
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5. Insertion Tube 

Inflatable retraction devices in their collapsed state have conventionally been 
packed in a substantially cylindrical package for insertion into the body prior to 
deployment The cylindrical package has conventionally been introduced into the 
S body by pushing it through a suitabfy-sized trocar tube or introducer sleeve. If 
the outside diameter of the package has been close to the diameter of the 
diameter of the bore of the trocar tube, there is a tendency for the padcage to 
stick in the bore of the trocar tube. Pushing the package harder causes the 
package to buckle, and wedges the package more fiimfy. An insotion tube 
10 according to a fifth aspect of the invention draws the packaged retraction device 
into the hody and avoids problems with the package sticking. 

(a) Insertion tubes 
The most basic form of the insertion tube 241 accordiiig to the fifth aspect of 
the invention is shown in figure 13A. The insertion tube 241 coiopiises a tube 

15 243 and a string 249 having a first end 251 and a second end 253. Hie first end 
251 of the string passes distally outside the tube 243. At the distal end 244 of 
the tube, the first end of the string passes into the bore 247 of the tube, passes 
proximally through the bore, and emerges from the proximal end 246 of the tube. 
The first end 251 of the string is attached to the proximal end 255 of the 

20 packaged inflatable retraction device 257. To reduce friction between the string 
249 and the distal end 244 of the tube, the tube 243 should have a relative^ 
thick wall, and the distal end 244 should be rounded. A radial groove can be 
made in the distal end to locate the string, if desired. 

A less basic form of the insertion tube 241 according to the fifth aspect of the 

25 invention is shown in figure 13B. The insertion tube 241 comprises a tube 243 
having a small eyelet 245 attached to its distal end 244. The insertion tube 241 
also comprises a string 249 having a first end 251 and a second end 253. The 
first end 251 of the string passes distally through the bore 247 of the tube, 
through the eyelet 245, passes proximally back through the bore, and emei^es 

30 from the proximal end 246 of the tube. The first end 251 of the string is 
attached to the proximal end 255 of the packaged inflatable retraction device 257. 

An improved variation of the insertion tube 241 according to the invention is 
shown in figure 13C In the improved variation, the string is contained within the 
insertion tube, unlike the version shown in figure 13A, and the bore 247 of the 
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tube 243 lades flie eyelet 245 that could snag the packaged inflatable retraction 
device 257 in the version shovwi in figure 13B. Hie improved version of ±c 
insertion tube 241 has a narrow4)OFe tube 255 attached to the outer wall 257 of 
tiie tube 243. Hie distal end of die narrow-bore tube extends slighlljr bqrond flie 
5 distal end of the tube 243 to aid in ejecting the packaged inflatable retraction 
device 257 ftom the bore 247. To give the insertion tube a smooth outer wall, 
the tube 243 and the narrow^ore tube 255 are oidosed in an outer tube 259. 

lie nanow-bore tube 255 can also be attached to the bore 247 of the tube, 
as shown in figure 13D. Has eliminates the need for the outer tube 249. 

10 In the v^ons of the insertion tube shown in figures 13C and 13D, the first 
end 251 of the string 249 passes distaBy througji the bore of the nanow-bore tube 
255. At the distal aid of the narrow-bore tube, the first end of the string enters 
the bore 247 of the tube 243, passes prorimalfy throu^ the bore 247, and 
emoges from the proamal end 246 of the tube. Hie first end 251 of the striiig 

15 is atladied to the proamal end 255 of the packaged inflatable retraction device. 

ffi)MeAod cf Usir^ an Jmertian Hibe 
The method according to flie invention of placing a substantially cylindrical 
package, fiir example, an padcaged inflatable ruction device, into iJie body usfaig 
an ins^tion tube accordiiig to the invention is as follows. The distal aid of the 

20 insertion tube is inserted into the body by inserting it into a trocar tube in place 
in the body. If the body is insufflated, the insertion tube is passed through a gas- 
tight port on the trocar tube, and is fitted with a gas-tight port itsett. Hie 
insertion tube is manipulated to bring its distal end dose to the point at whidi 
it is desired to deposit flie inflatable retraction device. The first aid 251 of the 

25 striiig is attached to the proximal end 255 of the packaged inflatable retraction 
device. The distal end of the packaged inflatable retraction device is inserted into 
the pioxunal end of the bore 247 of the tube, and the packaged inflatable 
retraction device is pushed into the bore of the tube as far as it will go. 
Hte ins^on tube 241 is then graqied with one hand and the second end 253 

30 of the string is grasped with the other. Hie second end of flie string is then 
pulled proximalfy to draw the padcaged inflatable retraction device fluon^ flie 
bore 247 of 4e tube. Because the first end 251 of the string is attadied to the 
proximal aid 255 of flie packaged retraction device, a final pull on the second 
end 253 of flie string ejects the padotged inflatable retraction device from flie 
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bore of the tube. The insertion tube 241 is then withdrawn from the trocar tube, 
and the inflatable retraction device is released from its packaging. This also 
detaches the string 249 from the inflatable retraction device. The string 249 and 
the packaging are withdrawn from the body through the trocar tube. The 
5 inflatable retraction device is then deployed in the normal way. 
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We daim: 

L >^aratus for retracting an organ inside the body to gain access to an 
adjacent tissue, the apparatus conqnising: 

a first inflatable means for retracting the organ when the first inflatable 
means is inflated to an ejtpanded condition, the first inflatable means having a 
5 first envelope; 

means for selectively inflating tiie first inflatable means into an expanded 
condition while in place in the Ixxly; 

a non-pressuiized chamber mside the first inflatable means, the nonr 
pressurized chamber havmg a second envelope attached to part of the first 
10 CTvdqp^ 

a second inflatable means, qpoably assodated with the non-pressurized 
diamber, for e:q)anding the non-pressurized chamber into an expanded 
condition when the second inflatable means is inflated; and 

rp ^^m^ for selectably inflating the second inflatable means. 

2. The apparatus of daim 1, wherein die second inflatable means has a 
cage structure. 

3. The apparatus of daim 1, v*eiein the second inflatable means indndes a 
toroidal balloon. 

4. nie apparatus of daim 1, further comprising a port means for providing 
a substantially gas-tight passage through which an object can pass into the non- 
pressnrized chamber from the first inflatable means. 

5. The apparatus of dahn 4, wh^in the port means is additionally for 
providing: 

(a) a substantially gas-tight seal around an object mserted mto the passage, 
and 

5 (b) a substantially gas-tight seal v/ben the object is renfoved from the 
passage, 

whereby the first inflatable means is maintained in its expaaded condition. 
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6. The apparatus of daim 4, wherein at least part of the second envelope 
comprises an elastomeric material, the elastomeric material providing the port 
means. 

7. The apparatus of claim 1, wherein the non-pressurized chamber indudes 
a duct passing through the first inflatable means. 

8. The s^aratus of daim 1, wherein the first envelope comprises an 
elastomeric materiaL 

9. The apparatus of daim 1, wherein: 

(a) the non-pressurized chamber is a first non-pressurized chamber, 

(b) the apparatus further con:9)ri5es: 

(1) an additional non-pressurized chamber; and 
5 (2) an third inflatable means, operably associated with the additional 

non-pressurized diamber, for expanding the additional non-pressurized 
chamber into an expanded condition when the third inflatable means is 
inflated; and 

(c) the means for inflating the second inflatable means is additionally for 
10 inflating the third inflatable means, the means for inflating the second 

inflatable means mflating the second inflatable means or the third mflatable 
means depending on the positions of the first non-pressurized chamber and the 
additional non-pressurized chand>er relative to the tissue when the first 
inflatable means is inflated. 
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10. A method of retracting an organ inside the body to gain access to an 
adjacent tissue, die method comprising: 

(a) prvividing an inflatable retractor, comprising: 

(1) a first inflatable chamba having a first envelope, 
5 (2) a non-pressurized chamber inside the first inflatable chamber, fbe 

non-pressurized chamber having a second envelope attached to part of the 
first envelope, and 

(3) a second inflatable diamber operably associated with the non- 
pressurized chaniber; 
10 (b) placing the inflatable retractor in a collapsed condition adjacent to the 

tissue; 

(c) inflating the first mflatable chamber to retract the organ; and 

(d) inflating tiie second inflatable chamber to expand die non-pressurized 
chamber into an expsaided condition. 



11. The method of daim 10, wherein the step of inflating the second 
chaniber to expand tiie non-pressurized chamber into an expanded condition 
comprises: 

inflating the non-pressurized chamber into an expanded condition; 
5 inflating the second mflatable chamber into an ^anded condition; and 
deflating the non-pressurized diamber. 

12. The method of daim 11, further comprising: 
providing a cutting instrument; 

providing a substantially gas-tight passage between the first inflatable 
chamber and the non-pressurized chambei; 
5 passing the cutting instrument into the first inflatable chamber; 

passing the cutting instrument througji the substantially gas-tight passage 
into the non-pressurized chamber, the substantially gas-tight passage fonning a 
substantially gas-tight seal with tiie cutting instrument; and 

piercing by means of the cutting instrument an qierture in the first 
10 envelope to gain access to the tissue. 
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13. The method of claim 12, further comprising pulling the tissue throug^h 
the aperture into the non-pressurized chamber. 

14. The method of daim 12, further comprising: 
providing a surgical instrument; and 

treating the tissue by passing the surgical instrument througih the aperture. 

15. The method of daim 10, further conqirising puUmg the tissue througfh 
an aperture in the first envelope into the non-pressurized chamber. 

16. The method of claim 10, further con^rising: 
providing a surgical instrument; 

passing the surgical instrument into the non-pressurized chamber; and 
treating the tissue by passing the surgical instrument from the non- 
5 pressurized chamber through an aperture in the first envelope. 

17. The method of daim 16, further conq)rising: 

providing a substantially gas-tight port between the first inflatable chamber 
and the non-pressurized chamber; and wherein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 indudes passing the surgical instrument through the substantially gas-tight port 

18. The method of daim 16, further conqnising: 

providing a duct between the non-pressurized diamber and the first 
envelope; and herein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 indudes passing the surgical instrument through the duct 

19. Hie method of daim 10, wherein the non-pressurized chamber indudes 
a duct passing through the first inflatable chamber, and the method further 
comprises: 

providing a cutting instrument; 
5 passing the cutting instrument through the duct into the non-pressurized 
chamber; and 

piercing by means of the cutting instrument an aperture in the first 
envelope to gain access to the tissue. 
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20. The method of daim 19, further comprising puDing the tissue through 
the aperture into the non^ ressurized chamber. 

21. The method of daim 19, further oonqirisiKg: 
providing a surgical instramm^ and 

treating the tissue by passing the suigical instrument through the aperture. 

22. The method of daim 10, wherein: 

the step of inflating the first inflatable chamber inflates the first inflatable 
chamber to a pressure in the range of 0.14 to 0.28 kilo-Fascals; 

the step of faflarine the second inflatable chambo^ inflates the second 
5 inflatable chamber to a pressure in the range of 14 to 35 kilo-Pascals; and 

the pressure in the non-pressurized chamber after the step of inflating the 
second inflatable chamber is substantially equal to atmospheric pressure. 

23. A method of retracting an organ inside the body to gain access to an 
adjacent tissue, flie method oonqirisiiig: 

(a) providing an inflatable retractor, oonqnisiiig: 

(1) a &st inflatable chamber having a first envelope, 
5 ^) a non-pressurized diamber inade the first inflatable chamber, flie 

non-pressorized cfaambo* having a second envdope attadied to part of the 
first oivelope, and 

(3) a second inflatable diamber operably assodated with the nonr 
pressurized chamber; 
10 (b) providing an endoscope having a praximal end and a distal end; 

(c) security the inflatable retractor in a collapsed condition to the 
mdoscope acgaoent to flie distal end of the oidoscqpe; 

(d) insertiiig the distal end of the endoscope tossQiex with the mflatable 
retractor into the body; 

IS (e) I'wflgting flie second inflatable dianib^ to expand the non-pressurized 
diamber into an at least partially eiqianded condition; 

•(f) Timnipiiiating the eudoscope v*fle obs»ving flirough flie endoscope to 
locate the non-pressuroed diamber adjaorait to the tissue; and 

(g) ^nfiaring the first inflatable diamber into a fuUy-oqMoided condition to 
20 retract the organ. 



wo 92/21292 PCr/US92/04393 

43 

24. The method of claim 23, wherein the step of securing the inflatable 
retractor in a collapsed condition to the endoscope adjacent to the distal end 
of the endoscope includes inserting the distal end of the endoscope into the 
non-*pressurized chamber. 

25. The method of claim 23, wherein the step of inflating the second 
chamber to expand the non-pressurized chamber into an expanded condition 
comprises: 

inflating the non-pressurized chamber into an expanded condition; 
5 inflflting the second inflatable chamber into an »panded condition; and 
deflating the non-pressurized chamber. 

26. The method of daim 25, further conq)rising: 
providing a cutting instrument; 

providing a substantially gas-tight passage between the first inflatable 
chamber and the non-pressurized chamber; 
5 passing the cuttmg instrument into the first inflatable chamber; 

passing the cutting instrument throug}i the substantially gas-tig|it passage 
into the non^pressurized chamber, the substantially gas-tight passage forming a 
substantially gas-tigiht seal with the cutdiig instrument; and 

piercing by means of the cutting instrument an aperture in the first 
10 envelope to gain access to the tissue. 

27. The method of claim 26, further comprising pulling the tissue through 
the aperture into the non-pressurized chamber. 

28. Hie method of claim 26, further comprising: 
providing a surgical instrument; and 

treating the tissue by passing the surgical instrument through the aperture. 

29. Hie method of daim 23, further comprismg pulling the tissue through 
an a^rtme in the first envelope into the non-pressurized chamber. 
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30. The method of daim 23, fiirtha- can^rising: 
providisig a siugical instrumffli^ 

passing the siugical instrumeiit into the non-pressurized chamber; and 
treatiBg the tissue by passing the surgical instrument from the non- 
5 pressurized diamber through an aperture in the first envelope. 

3L The method of daim 30, farther con^irisiiig: 

providing a substantiaUy gas-tight port between the first inflatable diamber 
and the non-pressurized chamber; and vdierein 

the step of passing the surgical instrument into the non-pressurized chamber 
5 indndes passmg the suigical instrument through the substantially gas-tight port 

32. The method of daim 30, faitba comprising: 

providing a duct between the non-pressurized diamber and flie first 
envelope; and 'wherein 

the step of passing the surgical mstrument mto the non-pressnrized diamber 
5 indudes passing the surgical instrument through flie duct 

33. The method of daim 23, wherein the non-pressurized chamber includes 
a duct passuig through the first mflatable diamber, and the method fiirther 
comprises: 

providing a cutting instnimoi^ 
5 passmg the cutting instrument through tiie duct mto die non-pressurized 

diamb^ and 

pierdng by means of die cutting instrument an aperture in the first 
envelope to gain access to the tissue. 

34. The method of daim 33, farther comprising pulling the tissue flirough 
the qierture into the non-pressurized chamber. 

35. The method of daun 33, fiirtiier comprising: 
providing a surgical instnimoit; and 

treating the tisue by passmg tiie surgical mstrument through the apoture. 
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36. Apparatus for retracting an organ inside the body to gain access to an 
adjacent tissue, the apparatus comprising: 

a main inflatable chamber having an envelope of an elastomeric material; 

means for selectively inflating the main inflatable chamber vMe in place 
5 within the body to retract the oigan into a retracted condition; 

Tnaifitflifiing means, operathrefy associated with the main infiiatable chamber, 
for mflintaitiing the Organ in its retracted condition after the main inflatable 
chamber is deflated. 

37. The apparatus of daim 36, wherein the maimatning means conqmses an 
additional inflatable chamber. 

38. The apparatus of claim 37, wherein the additional mflatable chamber is 
outside the main inflatable chamber. 

39. The apparatus of daim 38, wherein the additional inflatable chamber 
conqTrises a cage^like structure. 

40. The apparatus of daim 37, wherein the additional inflatable chamber 
comprises a cage-like structure. 

41. The apparatus of daim 36, wherein: 

the maintaining means comprises a plurality of strips of a malleable 
material arranged to form the cunred surface of a cylinder, and 

the main inflatable chamber is inside a space bounded by the curved 
5 surface of the maintaining means. 

42. The apparatus of daim 36, wherein the maintaining means conq)rises: 
a first hub and a second hub, each hub being cylindrical and having a 

curved outer surface; and 

a pluraUty of strips of a malleable material, each strip having a first end 
5 and a second end, tiie first end being attached to the curved outer suiface of 
the first hub, and the second end bemg attadied to the curved outer suiface of 
the second hub. 
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43. The apparatus of claim 36, wherein the Tn a int a iniiig means comprises a 
hollow cylinder of a malleable material, the hollow cylinder having a curved 
sidewall, a first end, and a second end, the curved sidewall being pierced by a 
plurality of longitudinal cuts extendmg from a pomt adjacent to Ae first end to 

S a point adjacent to the second end to provide a plurality of strips 
interconnectmg the first end and the second end. 

44. A method of retracting an oigan inside the body to gam access to an 
adjacent tissue, the method comprising: 

(a) providing a main inflatable chamber and a maintained 

(b) assembling the maintainer and the main inflatable chamber 

5 (c) pladng the maintainer and mam mflatable chamber assembly in a 
collapsed condition adjacrat to the oigan; 

(d) inflating the mam inflatable chamba to retract the organ into a 
retracted conditioi^ 

(e) expanding the maintainer to maintain the oigan in its retracted 
10 condition; and 

(f) deflatmg the main inflatable chamber. 

45. The method of claim 44, further comprismg removing the mam 
inflatable diamber from the body. 

46. The mefliod of daim 44, wfaerem 

the step of assembling the maintainer and the main inflatable cfaaniber 
indudes placing the maintainer inside flie main inflatable chamber, and 

the step of esqianding the maintainer to maintain the oigan in its retracted 
S condition indudes inflating the maintainer. 

47. The method of daim 44, wherein 

flie step of assembling the maintainer and the main inflatable diamber 
indudes pladng the main inflatable chamber inside the maintaine r, and 

the step of expanding the maintainer to maintain the oigan in its retracted 
5 condition indudes fiuther inflating the main inflatable chamber. 
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48. The method of daim 44, wherein 

the step of assembling the maintainer and the main inflatable chamber 
includes placing the main inflatable chamber inside the maintainer, and 

the step of ei^anding the maintainer to maintain the ozigan in its retracted 
5 condition includes inflating the maintainer, 

49. A method of inflating an inflatable retraction device, the method 
comprising: 

providing an inflatable retraction device having a main inflatable chamber 
and an additional inflatable chamber; 
5 providing a slurry of a particulate solid in a liquid; 
inflating the main inflatable chamber; 
inflating the additional inflatable chamber with the slurry; 
removing the liquid from the additional inflatable chamber, leaving the 
particulate solid behind; and 
10 conq)acting the particulate solid to form a substantially rigid structure. 

50. Hie method of daim 49, wherein 

the particulate solid has partides of greater than a predetermined size; and 
the step of removing the liquid from the additional chamber leaving the 
particulate sold behind indudes: 
S providing a filter having a mesh smaller than the size of the partides of 

the particulate solid, and 

punq)ing the liquid from the additional inflatable chamber through the 
filter. 

51. The method of claim 49, wherein the step of compacting the particulate 
solid to form a rigid structure indudes evacuating the additional inflatable 
chamber. 

52. The method of claim 49, wherein the step of compacting the particulate 
solid to form a rigid structure includes heating the particulate solid. 

53. The method of daim 49, wherein the step of compacting the paniculate 
solid to form a rigid structure indudes cooling the particulate solid. 
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54. Apparatus for observing a tissue inside the body, the apparatus 
comprising: 

optical means for observing the tissue, the optical means having a 
substantiaUy cylindrical structure, and a distal end that is inserted into the 
5 body; 

retraction means for retracting an organ adjacent to the tissue that would 
otherwise obstruct observation of the tissue, the retraction means beii« 
attached to the optical means adjacent to the distal end of the optical means, 
and being in a collapsed condition when the distal end of the optical means is 
10 inserted into the bodj^ and 

means for «q)anding the retraction means inside the body. 

55. The apparatus of claim 54, wherein 

the retraction means includes an inflatable chamber, and 
the means for eaq)anding the retraction means inside the body includes 
means for inflating the inflatable chamber. 

56. The apparatus of claim 55, wherein the inflatable chamber 
has a hollow frustroconical shape, 

is substantially concentric with the optical means, and 
has a diameter that increases distally. 

57. The apparatus of daim 55, wherein 

flie inflatable chamb^ comprises a stack of inflatable toroidal balloons 
having progressively increasing diameters. 

58. The apparatus of daim 54, wherein, 
the retraction means comprises: 

a transparent collar attached to the distal end of the optical means, 
a collar slidably moimted on the optical means, 
5 a plurality of elongate flexible members attached to the transparent 

collar and to the collar, and 

the means for e>5)anding the retraction means indudes means for sliding 
the collar along the optical means towards the transparent collar. 
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59. The apparatus of claim 58, wherein the elongate flexible members are 
stxips of a transparent plastic. 

60. The apparatus of claim 58, wherein the elongate flexible members are 
wires. 

61. Apparatus for inserting into the body a substantially cy^dncsl object 
having a proxunal end and a distal end, the apparatus con^nising: 

an elongate tubular member having a bore, the bore slidably receiving the 
object and having a proxunal end and a distal end; 
5 a string passing from the proximal end to the distal end of the tubular 
member inside the bore, and returning to the proximal end of the tubular 
member; 

means on the portion of the string passing inside the bore to enable the 
string to be attached to the proximal end of the object 

62. Tlie apparatus of daim 61, wherein the string returns to the proximal 
end of the tubular member outside the bore. 

63. The apparato of claim 61, further conq^rising: 

an Qrelet at the distal end of the tubular member; and wherein 
the string passes through the eyelet, and returns to the proximal end of the 
tubular member through the bore. 

64. The apparatus of daim 61, \Aerein 

the elongate tubular member is a first elongate tubular member; 

the bore of the first elongate tubular member is a first bore; 

the apparatus further comfmses a second elongate tubular member attached 
5 to the first elongate tubular member, the second elongate tubular member 
having a second bore; and wherein 

the string returns to the proximal end of the first elongate tubular member 
through the second bore. 



65. The apparatus of daim 64, wherein the second elongate tubular 
member is inside the first bore. 
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66. The apparatus of daim 64, wherein the second elongate tubular 
member is outside the first bore. 

67. The apparatus of daim 64, wherein 

the second elongate tubular member has a distal end, and 
the distal end of the second elongate tubular member projects beyond the 
distal end of the first elongate tubular memb»« 

68. A method of inserting into the boc^ a substantially cylindrical object 
having a proximal and a distal endf Ae mediod comprising: 

(a) providing an insertion tube comprising: 

(1) an elongate tubular member having a distal end and a bore» the 
5 bore having a proximal end and a distal end, 

(2) a string passing from the proximal end to the distal end of the 
elongate tubular member inside the bore, and returning to the proximal end 
of the elongate tubular member; 

(b) attaching the string passing inside the bore to the proximal end of the 
10 object; 

(c) inserting the distal end of tiie object mto the proxunal end of the bore; 

(d) inserting the distal end of the elongate tubular member into the body; 
and 

(e) pulling on the string returning to the proximal end of the elongate 
IS tubular member to draw the object through the bore. 

69. The method of daim 68, wherein 

the object is an inflatable retraction device in a collapsed condition, and 
the inflatable retraction device is for retracting an oi;gan; 

the step of inserting the distal end of the elongate tubular member into the 
5 bod^ indudes placing the distal end of the elongate tubular member adjacent 
to the organ, and 

the step of pulling the string returning to the proximal end of the elongate 
tubular member additionally indudes ejecting the inflatable retraction device 
from the bore adjacent to the organ. 



wo 92/21292 



PCT/US92/04393 



1A4 




wo 92/21292 



2A4 



PCr/US92/04393 




wo 92/21292 



PCrAJS92/(M393 



3A4 





I=IiE3r .S. 



wo 92/21292 



PCT/US92/04393 



4/14 




wo 92/21292 

5A4 



PCrAJS92/04393 




wo 92/21292 



7A4 



3»CrAJS92/04393 




wo 92/21292 



PCrAJS92/04393 

8A4 




wo 92/21292 



9A4 



PCrAJS92/04393 




wo 92/21292 



10A4 



PCr/US92/04393 




wo 92/21292 



PCrAJS92/04393 



11/14 




wo 92/21292 



PCrAJS92/04393 



12A4 




wo 92/21292 



13A4 



PCr/US92/04393 




•12C ISO 12 3F 12& 



wo 92/21292 



PCr/US92/04393 



14/14 




